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PREFACE. 



This little work was written for the use of a class of students 
in the Cornell University, who take a year's course of chemistry* 
including four hours a week of laboratory practice ; reference was 
also had to the requirements of the scientific students in Union 
College, whose course is nearly equivalent to that mentioned. 
The author is indebted to the kindness of Professor Perkins for 
many valuable suggestions, and for the compilation of Tables^I V 
and V at the end of the book. 

A considerable portion of the introductory part of this book is 
devoted to an explanation of the theory of chemical reactions 
and nomenclature. Many of the standard works on analytical 
chemistry still use the old notation, and the formulas to be found 
in them do not correspond to those used in the best text-books 
on general chemistry ; and none of the elementary works for the 
laboratory-student supply the want, often felt by him, of a sys- 
tem of rules, at hand for use at the moment when he most 
requires them, namely, when he is writing the formula of a reac- 
tion at his desk in the laboratory with his tests before him. The 
author has had these points in view in writing the two introduc- 
tory chaprers. 
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It might be objected that the theory of chemical notation 
should be found in text-books on general chemistry ; but even 
when the student has mastered the rudiments of the science, as 
given in any of the best modem works, he will find the arrange- 
ment of many of them inconvenient for reference, although it is 
excellent for instruction, and, moreover, it is by no means neces- 
sary that the study of those works should precede that of analyti- 
cal chemistry. 

It is quite feasible to commence a course of experiments in 

the laboratory concurrently with the study of any of the elemen- 
tary text-books on general chemistry, or with the attendance upon 
lectures, illustrated with the usual experiments. Chemistry 

v. 

certainly becomes a more attractive study, when the practical 
and the theoretical present themselves side by side, so that while 
the theory explains the experiment, the experiment awakens an 
interest in the theory ; and no course of study is more apt to 
interest the beginner in chemistry than that of the admirably 
simple and delicate tests of qualitative analysis ; tests which 
illustrate the general laws of the science, while they have a very 
direct bearing upon some of the problems of everyday life. 

Analytical chemistry, besides its immediate value as an 
important branch of knowledge, cannot be too highly prized as 
affording a convenient introduction to the ihethods of investiga- 
tion used in an experimental science, aild as offering a means of 
education of many faculties, which are not easily developed by 
school or university training. The importance of laboratory 
experiments is awakening every day increased attention, and the 
time is fast passing by, when chemistry is taught to persons, who 
suppose that they have a vocation for a scientific profession, only 
by lectures and recitations. 
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The system of analysis, given in Part III, is is founded upon 
that of Fresenius, and includes a minute description of all the steps 
to be taken in performing tests and directions for passing from 
one test to another ; and since these details, which are required 
by the beginner, not only become unnecessary, after a certain 
familiarity with analytical work has been acquired, but also^?ender 
the scheme less convenient for reference, tables similar to those 
of Will have been added, which indicate the important tests and 
leave the experience of the student to suggest the proper mode 
of applying them. 

The Tables IV and V are intended to record a number of 

facts in analytical chemistry in a compact form, and to give an 
exact conception of what is meant by the insolubility of a pre- 
cipitate, and a means of judging of the advantages of different 
methods of precipitation. 
Ithaca, August 19, 1869. 
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A few changes have been made in the second edition, which 
have been suggested by the use of the previous one in the labora- 
tory and some practical directions have been added, which are 
intended to mark out more closely the course of study, which it 
seems most advisable to follow. * 

One of the principal applications of analytical chemistry is to 
the investigation of minerals, and it may not be out of place here 
to recommend to the consideration of instructors and students 
the combination of mineralogical work with laboratory practice. 
A convenient order of study is, first to acquire familiarity with 
the methods of detection and separation of bodies in solution, 
which are given in Part III, and then, before taking up the 
analysis of solid bodies, to study their crystallographical 
and general mineralogical characters from any elementary 
work treating of the subject. Turning again to the general 
analysis of solid bodies (minerals and technical products of all 
kinds), the course should be made as varied and extended as 
possible ; and it will be found that the drill in blowpipe practice 
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and the study of the physical characters of 'minerals make an 
excellent preparation for . the preliminary . testing of solids. 
Part III, and often afford hints, which are of great value in the 
subsequent performance of the c(>mplete analysis in the wet way 

It is quite possible for a class to complete a course like the one 
proposed by working four hours a week for a year in the 
laboratory. 

Ithaca, 1870. 



A SHORT COURSE 

IN 

ANALYTICAL CHEMISTRY. 



PART r—INTROD UCTION. 



CHAPTER I. 

The analytical chemist is not required to investigate a large 
range of substances, and the theory of the composition of those 
bodies, which he usually deals with, can be briefly explained. 

EliCMlSIVTS. The ultimate result of the analysis or 
decomposition of all matter is the discovery of a number of 
substances which cannot be decomposed, and are therefore 
called simple or elementary subtsances. The table on the next • 
page contains the names of 32 elements. They are chosen from 
among the 64 elements which have been discovered, because 
they are more frequently met with than the others, and because 
they are the only ones treated of in this work. 

The task of the analytical chemist is to recognize the* 
elements, when they occur alone, or to separate them from the 
compounds of which they form a part, or most frequently to 
decompose a compound substance into simpler compounds, and 
to isolate the latter in such a form that they can be easily 
recognized. When the different elements are kno>\Ti, which 
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SYMBOLS. 3 

constitute such simpler compounds, the composition of the com- 
plex body from which they were obtained can be determined. 

All substances are formed by the union of chemical elements, 
and a previous study of the manner in which the elements 
combine with each other is essential to the successful pursuance 
of analytical investigations. 

The language in which chemists express their ideas regarding 
the chemical constitution of bodies comprises certain symbols 6r 
abbreviations, to which a conventional meaning is attached, and 
formulas, which are made by grouping symbols together. 

SYMBOIiS. The symbols which stand in the tabic after 
the names of the elements are abbreviations, which are used 
instead of thc-names in writing chemical formulas. 

CHEMICAIi FORMlJIiAS describe by means of symbols 
the chemical constitution of bodies. 

^ Example: — HCl is the formula of hydrochloric acid, and 
signifies that it is composed of hydrogen and chlorine. 

THE COMBINING 1¥EIGHTS are the numbers stand- 
ing in the table after the symbols. They are peculiar to each 
element, and denote the proportion by weight in which it unites 
with other elements. In formulas the symbols stand for these 
weights, as well as for the names of the elements ; thus, in the 
formula of hydrochloric acid, HCl signifies that i part by weight 
of hydrogen is combined with 35.5 parts by weight of chlorine. 

ELEMENTS combine with each other in no other 

PROPORTIONS BY WEIGHT THAN THOSE EXPRESSED BY THE 

COMBINING NUMBERS (oi by vcry simple multiples of them). 
This statement is called the law of definite proportions. 

Usually the multiples of the combining numbers: 2, 
3> 4> S> 6> 7> express th^ proportions in which the ele- 
ments combine with each other. This statement is called 
the law of multiple proportions. 

Eocample: — Nitrogen combines with oxygen only in the pro- 
portions expressed by the formulas: N3O, NO, N2O3, NO2, 
and NjOj, or, referring to the table for the combining numbers 
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which the symbols stand for, twice 14 parts of N unite with i6 
parts of O; 14 parts of N with 16 parts of O; twice 14 parts of 
N with 3 times 16 parts ofO; .&c. 

CHEMICAIi ATOMS. It is supposed that the utmost 
limit to which the division ofmatter could be carried, would lead 
tQ its separation into a great number of particles, so small as to 
^ be incapable of further division. With reference to their quahty 
of indivisibility, such particles of matter are called atoms (from 
d, privative, and rkiivu^ I cut). Atoms, therefore, are the indi- 
visible of constituents of matter. |It is further supposed, that 
chemical combination consists in Jthe union of atoms, or groups 
of atoms, and chemical decomposition in the separation of 
atoms or groups of atoms; and a chemical change supposes a 
change in the arrangement or grouping of the atoms of a body, 
involving the destruction of the previous arrangement. 

ATOMIC UTEIGHTS. The atomic theory attaches a new 
meaningto the combining weights of the elements, and defines 
them as the relative weights of atoms. Thus, if the weight of 
an atom of hydrogen is i x w (w = a very small unknown quan- 
tity), the weight of an atom of chlprine is 35.5 x w. Not the ab- 
solute weights of atoms but their relative weights, have been 
discovered. The weight of an atom of hydrogen is taken as a 
standard, and called i ; hence the weight of the atoms of other 
elements are expressed in terms of this unit. Example, 35.5 for 
chlorine, 16 for oxygen. With reference to the above theory, 
the combining weights are usually called atomic weights. The 
fuU meaning, therefore, of the chemical formula HCl is, that the 
body which it represents consists^of compound atoms, each one 
containing an atom of hydrogenjand an atom of chlorine. An 
atom of chlorine weighs 35.5 times as much as an atom of hydro- 
gen, so that the proportion by weight of each constituent of the 
body is expressed by its formula. 

CHEMICAIi NOTATION. Any change in the constitu- 
tion of bodies, as well as their formation and decomposition, in- 
volves what is called a chemical reaction. 



NOTATION. S 

^ A CHEMICAL REACTION may be described as a change in the 
arrangement, or the state of combination of the atoms of bodies! 
Such a change can be denoted by combining formulas together 
in the saine way that quantites are combined in common alge- 
braic calculations. The signs used are +,— and =. Coeffi-' 
cients are only used to multiply the symbols to which they are 
joined. When placed on the line, they multiply all the symbols 
which follow. When placed below or above the line, they are. 
used to multiply only the symbol, or the group of symbols in 
brackets, that immediately precedes them. Brackets are used to 
distinguish certain groups of atoms in a compoimd from the re- 
maining atoms. The combination of atoms is expressed by wri- 
ting their symbols side by side, or by grouping them together 
without + or— . The sign -f expresses that the bodies connect- 
ed by it are brought in contact with each other by addition, but 
that they are not combined. 

Example : — Ba (N03)2 + Ca SO4. The formula indicates 
that a compound Ba(N03)2 containing barium, nitrogen, and oxy- 
gen, in the proportion of i atom of barium combined with twice 
I atom of nitrogen and twice 3 atoms of oxygen, is brought in 
contact with a compound [Ca SO4] containing calcium, sulphur, 
and oxygen, in the proportion of 1 atom of calcium combined 
with I atom of sulphur and 4 atoms of oxygen. The result of 
a reaction is denoted by combining the formulas of the bodies, 
which take part in it, as in an ordinary equation. The formulas 
before the sign (=) indicate the state of combination of the atoms 
before the reaction ; those after the sign of equality (=) show the 
state of combination of the atoms after the reaction. 

Example:— Bdi (NOa)^ -f Ca SO4 = Ba SO4 + Ca (NOa)^ 
The equation expresses the result of bringing in contact the 
bodies described above, viz. : the formation of new compounds, 
contaming barium, sulphur and oxygen, and calcium, nitrogen 
and oxygen. 



6 PART I. 

CHEMICAL AFFINITY. 

The force which impels atoms to unite with other atoms is call- 
ed chemical affinity. The quantity or the nature of the force in- 
herent in the atoms of every substance determines the chemical 
properties of the substance. The study of the results of the ac- 
tion of chemical affinity is the province of chemistry. 

The phenomena, which the action of chemical affinity gives 
rise to, can best be studied under several heads. 

Firstly, — Chemical affinity may cause the atoms of an element- 
ary body to unite among themselves. Only the cases of such 
action in which the element is capable of assuming the simplest 
physical condition of matter, namely, the form of a gas, have 
been studied satisfactorily. 

The following conclusions in regard to the state of combina- 
tion of the atoms of elementary bodies have been arrived at : — 

The atoms of mercury and zinc remain separate in the gas- 
eous state. 

The atoms of hydrogen, oxygen, chlorine, bromine, iodine, ni- 
trogen (and sulphur at a temperature higher than looo*^ centi- 
grade) are united in groups of two atoms. 

The atoms of phosphorus and arsenic in the gaseous state unite 
in groups of four atoms. Sulphur, at a temperature of 500° centi- 
grade, in groups of six atoms. 

The formulas for these bodies in a gaseous state are : 



Hg HH or H2 


PPPP or P4 SSSSSS or Se 


Zn 00 or O2 


AsAsAsAs or As^ 


ClCl or 012 




BrBr or Br, ' 




NN or N2 




SS or S3 




MOI.ECUI.E. 


At this point a definition of the tenn 



cule is required. A molecule is the smallest particle of a body 
which can exist alone. 

The molecules of elementary bodies contain one or more at- 
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cms of the same kind. Tlie molecules of compound bodies con- 
ain two or more atoms of different kinds. 

A molecule of mercury, hydrogen, hydrochloric acid, or water 
is represented by the respective formulas, Hg, H2, HCl, or H2O. 

ATOM. An atom may be further defined as the smallest par- 
ticle of matter which can take part in a chemical reaction. At- 
oms, therefore, appear while a chemical reaction is going on, al- 
though it is impossible to suppose that a physical subdivision 
of matter could be carried further than the isolation of mole- 
cules. 

Thus in the reaction : Na2S + CuCl^= CuS -(- 2NaCl, the force 
of chemical affinity breaks up the molecules, (Na2S) and (C1ICI2) 
to form the new ones, (CuS) and (NaCl), and during this reaction 
the atoms Na, S, Cu and CI, must be set free from their combi- 
nations, and therefore must exist as atoms. 

Secondly, — Chemical affinity may combine atoms of a single 
element, or groups containing atoms of one or more elements, 
with the atoms of another element, or with groups containing 
atoms of one or more other elements. 

Examples : — Hg -}- CI2 = HgCl2. 

NH3 + HCl = NH4CI.' 

The iilverse action frequently takes place through the agency 
of heat or of some other force, and groups of atoms (molecules) 
• break up into other groups, which arc usually simpler in consti- 
tution than the primitive ones. 

Example : — Hg (CN)2 when heated becomes Hg+ (CN)2. 

Thirdly. — Chemical affinity may cause compound boiiies, 
brought in contact with each otljpsr, to mutually exchange sonae 
. of their constituents ; or an atom or a group of atoms may sub- 
stitute itself for another atom or for a group of atoms in a com- 
pound body. 

. Examples .— NagCOa + BaCl2'= BaCOg -f- 2BaCl2. 

CUSO4 -I- Zn = ZnS04 + Cu. 

The quality of the Chemical "! Affinity ^inherent in the 
atoms of each element determines the^part which the clement 
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will play in the different chemical changes mentioned above. It 
is usually necessary to study each particular case*, in order to de- 
termine the exact result of bringing in contact any two substan- 
ces. Empyrical rules, however, defining the nature of the chem- 
ical affinity of the elements and the consequences of its action, 
can be given in a few cases. These rules are not capable of a 
very strict application, but they serve to indicate in most cases, 
when a number of bodies are brought together in a reaction, 
those which will probably combine with each other. Gold is at- 
tacked by acids less readily than the metals of the arsenic group. 
The difference between the affinities of the metals which are 
ranged in the same group in the table (page 2) is too slight to be 
of consequence in the application of rule second. 
First, — Combination usually occurs between metals and 

NON-METALLIC ELEMENTS, LESS READILY BETWEEN DIFFERENT 
NON-METALLIC ELEMENTS; AND LEAST READILY BETWEEN DIFFER- 
ENT METALS. See table of the elements, page 2. 

The following non-metallic elements or oxygen compounds of 
non-metallic elements, combined with hydrogen, form acids, and 
combined with mptals form salts. Strong Acids — ^sulphuric, 
H2SO4; nitric, HNO3 ; chloric, HCIO3 ; chlorhydric, HCl. 
Weak Acids — sulphurous, H2SO3 ; chromic, H2Cr04 ; phospho- 
ric, H3PO4; boracic, H3BO3; oxalic, H2C2O4; acetic, HC2H30i; 
fluorhydric, HF; sulphydric, H2S; cyanhydric, HCN ; car- 
bonic, H2CO3; silicic, H4Si04. A metal has a tendency to 
substitute itself for the hydrogen in a strong acid, to form a salt 
with it, in preference to a weak one ; so that a strong acid 
usually displaces a weak one from its salts. 

Second, "^l^iiY. metals which stand lowest in the table 
(page 2) have the greatest tendency to combine with the 
strongest acids. 

Example : — CUSO4 -}- Zn = ZnS04 + Cu. 

Third, — Another rule which sometimes takes precedence of 
the second, is, that when from some of the constituents of 
different compounds in solution, an insoluble body can 
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BE FORMED, THE ELEMENTS WHICH WOULD COMPOSE SUCH A 
BODY GENERALLY UNITE WITH EACH OTHER. 

JSxample :—H2i^Q0:i + Ca(H0)2 = 2NaH0 + CaCOa. The 
compound CaCOa is formed in virtue of its insolubility, when 
the reaction takes place in an aqueous solution. 

ATOMICITY. 

The quality of the chemical affinity of the elements deter- 
mines the nature of reactions. The quantity of their chemical 
affinity determines the proportions in which the elements 
combine with each other. The result of the combination of 
two or more atoms with each other is the neutralization of the 
chemical force which brings them together, so that usually no 
force is left in the compound tending to combine other bodies 
with it. Thus a molecule of HCl has no power to combine 
further with atoms of H or of CI. The atoms of some elements 
are animated with greater quantities -of chemical force than those 
of other elements. Thus an atom of oxygen may unite with 
an atom of hydrogen, and still be capable of combining with 
another atom of hydrogen, or with an atom of chlorine. If an 
atom of hydrogen has one unit of chemical force, an atom of 
oxygen has two units, carbon has four, and nitrogen has five. 
The number of units of chemical force residing in an atom is 
called its Atomicity. The table of the elemenjts, page 2, class- 
ifies them according to their atoniicity, into monoatomic 
elements, or monads; and diatomic elements, or dyads, &c. 

Some of the units of chemical force of an element may lie 
dormant until developed by the approach of some other force, 
which awakens them. Iron, for instance, acts as a dyad when 
no element is present to call forth all of its four units of chemi- 
cal force. It is worthy of note, that in such cases two units of 
force generally disappear together, as if they became dormant 
by each one neutralizing the effect of the other. It will be 
noticed that in the table, page 2, sulphur is placed in the column 
of dyads, and also in that of the hexads; this is because in 
many cases four of the six units of chemical force in sulphur lie 
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dormant, and the. element plays the part of a dyad. In nickel, 
cobalt, and iron, two of the four units of chemical force fre- 
quently lie dormant, and hence these metals often act as dyads. 
Only the atomicity of each element, which is usually displayed 
in the kind of reactions which we have to consider, is cited in 
the table. 

The knowledge of these facts is essential to enable the student 
to write formulas correctly. 

Examples: — ^The compound of barium and chlorine must con- 
tain two atoms of chlorine, combined with one atom of barium. 
Its formula is BaCl2. The greatest amount of oxygen, that an 
atom of carbon can unite with, is two atoms. The formula of 
the compound is CO2. When zinc is substituted for silver in a 
compound, one atom of zinc, with its two units of chemical force 
or affinity, takes the place of two atoms of silver, because each 
atom of silver has only one unit of chemical force. 'Thus, in 
writing formulas, an atom of one element is equivalent to or 
takes the place of another element of the same class. In com- 
paring elements of different classes, their value in an equation 
depends upon the number of units of chemical force w^hich they 
contain. 

Two MONADS ARE EQUIVALENT TO A DYAD; THREE MONADS 
TO A TRIAD, ETC. ThREE DYADS ARE EQUIVALENT TO TWO TRI- 
ADS, ETC. 

Examples, .— PbO -f 2HCI = PbClg + H2O. 
SiCU + 2H2O = Si02 + 4HCI. 

Atomicity of groups of atoms. — ^When part of the affini- 
ties or units of chemical force of a polyatomic atom are satisfied 
or neutralized, the residual atomicities, or those which remain 
free, determine the atomicity of the group. 

Example: — Nitrogen, a pentad, when combined with* three 
atoms of hydrogen, is capable of uniting with two other monads 
or with one dyad — NH3 can unite with H and CI to make 
NH4CL Moreover, certain groups of elements take part in many 
chemical reactions without being broken up, and, so far as this- 
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is the case, they may be considered as playing the part of ele- 
mentary bodies in the reactions. Such groups are frequently 
called radicals, with reference to a theory that they are the roots 
of compounds. 

The following table, showing the atoipicities of such groups, 
will be found convenient in writing formulas : 



Monads. 


Dyads. 


Triads. Tetrads. Hexads. 


HO* 


S04 


PO4 Si04 Fe2§ 


NOjt 


SO3 


BO3 Fe(CN)6 Crj 


CIO3 


CrOi 


AI2 


C2H3O2 


CO3 


Fe2(CN)a2 


NH4 


C,04 




CN 


C4H4O6 

Hg3 




Examples:- 


-Na(HO); H(N03); {NH4)(H0); Pb(QsH30,)2; 



* The group HO is a monad because one of the two affinities of the oxy- 
gen atom is satisfied and nullified by the affinity of the hydrogen with 
which it is combined, leaving one affinity free in the oxygen atom. 

t The existence of the group NO3, might seem inconsistent witlvthe five- 
atomic character of nitrogen. The explanation is, that four affinities in the 
nitrogen atom are used to unite to it two atoms of oxygen, and the fifth 
combines with oiily one of the affinities of a third atom of oxygen, leaving 
one oxygen affinity free, which determines the mono-atomic character of the 
group. 

X A similar argument applies to the case of the group SO4. Here, sul- 
phur being hexatomic, four affinities (atomicities) are used to combine with 
those of two atoms of oxygen, while the two remaining affinities of the 
sulphur atom are each combined with one in each of the two remaining 
atoms of oxygen, leaving two oxygen-affinities free. 

$ In the case of Fea, &c., two of the eight affinities, belonging to two 
atoms of iron, are used to bind the two atoms together, leaving six free, 
and for this reason the group Fca is six-, and not eight-atomic. It may be 
noticed, that groups of this nature, having free chemical affinities, can only 
be found in the case of polyatomic elements, because, when two mono- 
atomic elements combine with each other, no chemical affinity can be left 
free. For fuller explanations of the laws of chemical combination, see 
Frankland*s Lecture Notes for Chemical Students. 
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H2(S04); Ba(Cr04); Hg2(Cl2); HaCPOO; Fe^CU; CraOg; 
Al, (HO)e. 
In writing formulas, the symbol of the element, or 

GROUP OF elements, HAVING MOST DECIDEDLY THE CHARACTER 
OF A METAL, IS PLACED FIRST. 

Example :—'^z:^^^'?0^. 



CHAPTER II. 



CHEMICAL NOMENCLATURE. 



The names of chemical compounds, which are used in works 
on analytical chemistry, do not describe their constitution as fiilly 
as formulas do ; they serve, however, to identify the bodies and 
to recall certain principles of classification. 

In the ordinary operations of analysis, the only bodies which 
are dealt with are binary compounds (i. e. compoimds which only 
contain two elements, as KCl and H2O) and compounds which 
contain a non-metallic element and oxygen combined with a 
metal or with hydrogen, as BaS04, H3PO4. 

THE FORMATION OF THE NAMES OF COM- 
POUNDS.* Binary compounds form their class-names 

OR GENERAL NAMES BY JOINING THE TERMINATION idc TO THE 
NAME OF THE PRINCIPAL NON-METALLIC ELEMENT WHICH THEY 

CONTAIN. Examples: — Chlorides, from chlorine ; sulphides, from 
sulphur. * 

Compounds containing a non-metallic element and 
oxygen combined with a metal form their class-names by 

JOINING THE TERMINATION aieO^ ite TO THE NAME OF THE NON- 
METALLIC ELEMENT^ Ate IS USED FOR THE PRINCIPAL COM- 



* These rules refer specially t^ compounds of non-mctollic ^dements 
with metals. When a compound consists of two non-metallic dements 
usage differs in regard to the one which shall give the class-name to the 
compound. The only cases of this kind, which are of importance, are 
treated separately under the head of oxides and acids, page 14 and page 15. 
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POUND WHICH CONTAINS THE MOST OXYGEN; ite FOR THE PRIN- 
CIPAL COMPOUND WHICH CONTAINS THE LEAST OXYGEN. 

ExampUs : — Chlorates take their class-name from the group, 
CIO3 ; chlorites from the group, CIO2. 

The PREFIXES per and hyper are used to denote higher 

COMBINATIONS AND hypO TO DENOTE LOWER COMBINATIONS. 

Examples: — Hyperchlorates take their name from the group, 
CIO4 (chlorates from CIO3) ; and hypochlorites from CIO (chlo- 
rites from CIO2). 

♦ The METALLIC ELEMENT (OR WHEN THE COMPOUND ONLY 
CONTAINS NON-METALLIC ELEMENTS, THE ONE WHICH IS CON- 
CEIVED TO GIVE IT ITS SPECIFIC CHARACTER) GIVES THE SPECIFIC 
NAME TO A COMPOUND AND TAKES THE ADJECTIVE TERMINATION 
iC OR OUS^ OR IT IS USED AFl'ER THE PREPOSITION of, ic DENOTES 
THE HIGHER STAGE OF COMBINATION ; OllS THE LOWER. 

The termination ic is used for the most important combination 
which contains a large proportion of the element giving the class- 
name to the compound ; the termination otis for that whicli con- 
tains a smaller proportion of the element giving the class-name. 
The prefixes per,, hyper and hypo are used for still higher and still 
lower stages of combination. 

Examples: — Oxide of zinc, ZnO ; sodic chloride or chloride 
of sodium, NaCl; stannic chloride, SnC^; stannous chloride, 
SnCl2 ; ferric sulphate, Fe2(S04)3 ; ferrous sulphate, FeSO^ ; ni- 
trous oxide, N2O ; nitric oxide, NO ; hypemitric oxide, NO2 

When only one stage of combination exists, the ter- 
mination ic IS always USED. Prefixes with a numerical 
signification are often used to distinguish between different 
states of combination in the place of the change of the adjec- 
tive termination. 

Example: — Oxide of lead, PbO; binoxide of lead, PbOa. 

OXIDES. The preceding rules suffice for the nomenclature 
of the oxides of metals, but a certain class of the oxides of non- 
metallic elements are frequently named according to a different 
system. 
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If an oxide is capable of combining with water to fonn an 
acid, it is called an anhydride or anhydrous acid (acid deprived 
of water), or sometimes, by way of abbreviation, an acid. 

Examples: — Sulphuric anhydride, SO3 — anhydrous sulphurous 
acid, or sulphurous acid, or sulphurous anhydride, SO2. 
. Many of the compounds of the non-metallic elements with 
each other are only known by irregular or common names as : — 

Hydric oxide, H2O = water. 

Hydric nitride, NH3 = ammonia. 

Hydric arsenide,. AsHa = arseniuretted hydrogen, 

A€I5>S. A compound of a non-metallic element with 
hydrogen is called an acid, when it possesses the property of 
readily exchanging its hydrogen for a metal, to form a salt. The 
most important of this class of acids are chlorhydric acid, HOI ; 
sulphydric acid, H2S ; and fiuorhydric acid ; HF. 

^A:^;/^//(f ;— 2HCI + Zn = ZnClg + 2H. " 

The names of acids of this class always contain the radical 
hydr and the termination ic. 

OXYOEN ACIDS. Another very important class of acids 
is that which contains a compound of hydrogen with a non- 
metallic element and oxygen. The names of such acids are 
derived from the characteristic non-metallic element, with the ter- 
mination ic or ous^ and, if necessary, the prefixes hypo and hyper^ 
or per. The presence of oxygen is only denoted by the termi- 
nations or prefixes used in the same sense as on page 13. 

^AfdJ^Tz/Zifx;-^— H2SO4 = sulphuric acid. 
Hj^Og = sulphurous acid. 
H2S3O3 = hyposulphurous acid. * 
SAINTS. When in the place of hydrogen a metal is com- 
bined with a non-metallic element, or with a non-metallic 



* Here the prefix hypo denotes, not that the substance contains less oxy- 
gen, but that the quantity of oxygen relatirely to that of the sulphur is less 
than in sulphurous acid. 
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element and oxygen, the compound is called a salt. Common 
salt, NaCl, the chloride of sodium, is considered the type of this 
class of bodies. 

The terminations of the names of salts follow the rules, pa|;e8 
13 and 14. When a salt contains but one non-metalHc element itik 
termination is in ///<?. Example: K2S,potassic sulphide. Whei|| 
a salt is derived from an oxygen acid, the termination of the add 
corresponding to it is changed from ic to ate, and from ous to tie. 

Examples: — H2SO4, sulphuric acid; Na2S04, sodic sulphate; 
H2SO3, sulphurous acid; Na^SOa, sodic sulphite. The name of 
the metal follows the rules already given. (See page 14.) 
Examples: — Hg2(N03)2, mercurous nitrate; Hg(N03)2, mer- 
curic nitrate. 

It will be seen by the above examples that similar terminations 
designate different relative proportions of the elements in diflfer- 
ent cases. Thus, for sulphur, salts containing SO4 take the ter- 
mination ate. For nitrogen, salts containing NO3 take the same 
termination, because in each case these are respectively the high- 
est important oxygen compounds of each element. The mean- 
ing, therefore, of these terminations for each element must be 
committed to memory. 

HITDRATES* The monoatomic group of elements HO 
combines with metals to form a class oi bodies called hydrates. 

Examples: — Na(HO), sodic hydrate. 
Fe (M0)2, ferrous hydrate. 
Al2(HO)6, aluminic hydrate. 

It will be seen by the foregoing examples how much more fiiUy 
the formulas express the composition of bodies than the names. 

The following list of chemical compounds contains the names 
and formulas of the substances most frequently used for testing in 
the laboratory. These names and formulas should be committed 
to memory, and the rules of nomenclature may be studied in , 
their application to them : 
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Chlorhydric, or hydrochloric 
A acid, HCl; 
i Nitric acid, HNO3; 
^ Sulphuric acid, H2SO4 ; 
-i Sulphydric acid, H2S; 

Acetic acid, HC2H3O2; 

^Vmmonic hydrate, NH4HO; 

Ammonic sulphide, (NH4)2S; 

Ammonic carbonate, 

(NH4)2C03; 
Ammonic chloride, NH4CI; 
Ammonic Oxalate, 

(NH4)2C204; 
Ammonic molybdate, 

(NH4)2Mo04; 
Sodic hydrate, NaHO; 
Sodic carbonate, Na2 CO3 ; 
Disodic hydric phosphate, 

Na2HP04; 
Sodic acetate, NaC2H302 ; 
Potassic dichromate. 



Potassic ferrocyanide, 

K4(FeCy6), or K4Fe (CN)6; 
Potassic ferricyanide, 

K6(Fe2Cyi2),orK6Fe2(CN),2; 
Potassic sulphocyanate, 

K(CyS), or KCNS; 
Calcic hydrate, Ca(H0)2; 
Calcic chloride, CaCl2; 
Calcic sulphate, CaS04; 
Baric chloride, BaCl2; 
Baric nitrate, Ba(N03)2; 
Baric carbonate, BaCOa ; 
Magnesic sulphate, MgSO.i ; 
Ferrous sulphate, FeS04 ; 
Ferric chloride, Fe2Cl6 ; 
Cobaltic nitrate, Co(N03)2.; 
Plumbic acetate; Pb (C2H302)2; 
Argentic nitrate, AgN03; 
Mercuric chloride, HgCl2 ; 
Platinic chloride, PtCU ; 
Stannous chloride,' SnCl2 ; 
Alcohol, C2H6O. 



After having made himself familiar with the formulas of the 
substances with which he tests, the student should write in the 
form of an equation the result of the action of each test, which 
he performs upon a compound under examination. 
2 



^ 
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CHAPTER III. 



GLASS APPARATUS. 



The most important pieces of apparatus required by a student 
for the methods of analysis wWh follow, are mentioned in alpha- 
betical order. 

1. BOTTIiES. 3—4 wide-mouthed bottles for corks, of 
2 — ^4 and 8 oz. capacity. 

2. BI^Ui: OliASS* A piece of glass 3 in. square, colored 
blue by cobalt. 

3. FI^ASKS* Several 4 and 8 oz. Bohemian glass, flat- 
bottomed flasks. Beaker glasses may be used instead of flasks, 
but they are more expensive. 

4* FinvWEliS. 3 — 4. glass funnels from i inch to 3 inches * 
diameter. Those with an angle of 60° should be chosen. • 

5. RODS. 2 glass rods 6 inches long. The glass should be 
cut of the proper length with a file, and the edges should be 
i*ottnded by heating them with the blowpipe. 

6. TEST-TUBES can be piu*chased of any dealer in 
chemical apparatus. 7 tubes 4 inches long and 6 tubes 5 
inches long make a convenient set. These tubes are so thin 
and well annealed that a liquid may be heated in them directly 
over the flame of the lamp, without fear of breakage, provided 
the tube is moved rapidly up and down in the flame. ♦ 

•y. TEST-TUBE RACK. A rack of any form to hold 13 
test-tubes is necessary. It is advisable to provide it with wood- 
en pins, upon which the tubes may be inverted and left to 
dry. 
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8. TUBES. ^ lb. rather thin German glass tubing, of 
two sizes : ^ inch diameter and A inch diameter. 

9. UTASH-BOTTI^f. The wash-bottle is used to force 
a fine jet of water through a glass tube in order to direct it 
upon any object which it is desired to wash. A piece of 
-h inch glass tubing is cut about 5 inches long and bent 
nearly in the middle at an angle of 120° (see 37); another 
piece, 10 inches long, is drawn off at one end to a fine point, 
and at about three inches firom the point is bent at an angle of 
60°. The ends are rounded, and a cork is pierced with two 
holes (see 15) to receive the tubes (the longest arm of the ten 
inch tube is forced through the hole in the cork). The wash- 
bottle is made by fitting the cork furnished with the tubes to an 
8 oz. flask. When the bottie is filled with water, by blowing in 
the short tube, a jet of water can be forced through the longer 
one, which should plunge nearly to the bottom of the flask. 
The size of the jet can be regulated by cutting the tapering point 
at the proper place with a file. 

A caoutchouc stopper is preferable to a common one. 

10. UTATCH-OIiASSES. A pair of common watch- 
glasses are useful for perfornaing some reactions. They can, 
however, usually be advantageously replaced by bits of broken 
thin glass-flasks. 

APPARATUS. 

11. BIjOWPIPE. a common jeweler's blowpipe may 
be used ; but a blowpipe with a soUd platinum point, such as 
may be purchased of dealers in chemical apparatus, is 
preferable. 

19. CORKS. One dozen best selected velvet c6rks of a 
size to fit the glass flasks. , (See 3) 

18. CBlTCIBIiES. A crucible of Berlin porcelain about. 
an inch in diameter. A porcelain crucible should always ber 
heated by at first waving the lamp flame under it, in order to 
bring every part gradually and equally to the required tempera- 
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tive. After this is once effected the strongest heat may be 
applied without damage. A similar precaution should be 
observed in .cooling it. 

14. ETAPORATOro DISHES. 2—3 evaporating dish- 
es of Berlin porcelain, 2—4 in. diameter. These dishes also 
should be heated with great care. A liquid should never be 
evaporated to dryness in them over the naked flame of a lamp, 
but the dishes should be placed in a sand-bath or on wire-gauze. 

15. FUiES. A small round file (^ in. diameter) and a 
triangular file are required; the first for boring holes in corks, 
and the second for cutting glass-tubes. 

16. FUiTERS.* A few sheets of filter-paper should be 
cut with scissors into round pieces, using disks of jtin or zinc, 2 
and 3 in. in diameter, as patterns. A number of these paper 
disks should be prepared for use. A filter is made by folding a 
paper disk, so that it takes the form of half of a circle, and fold- 
ing it again, so that it has the shape, of a quarter of a circle. 
One thickness of the paper thus folded can be separated firom 
the other three, so that a cone of paper is obtained, which fits 
the shape of a funnel having an angle of 60°. (See 4) 

IV. FII^TER STAND. A wooden apparatus for holding 
funnels during filtration, which permits of raising of lowering 
them, can be purchased of dealers in chemical apparatus. The 
fimnel can also be inserted in the neck of the flask, bottle, or 
test-tube in which the liquid filtered is received. A convenient 
plan is to have a shelf one inch below the lowest shelf contain- 
ing the reagents, and to insert a strip of wood, bored with hc^es, 
to fit the necks of funnels, in the space between the two shelves. 
A fimnel can thus be held over any part of the desk by placing 
the strip of wood in the required position. 



^ * The best filter-paper is soft Swedish paper, which filters more rapidly 
than any other, when it is of good quality, and not too hard pressed. In 
purcha^g filtering paper, different samples should always be compared, to 
test the rapidity of filtration to be obtained with them. 
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1§. FORCEPS. I pair of small iron forceps, such as can 
be purchased at hardware shops. 

19. liAMPS. A common alcohol and a Berzelius' alcohol- 
lamp, or a Bunsen's gas-lamp. The Bunsen*s lamp should be 
provided with a moveable ring to regulate the draught, and the 
draught should always be adjusted to the height of the flame. 
(See also 33) 

20. MORTAR. A glazed porcelain mortar and pestle. 

21. PliATINUM.* A strip of platinum foil, 2 in. by i in. 

weighing about i}^ grammes. A piece of platinum wire, 3 in. 
long, weighing about 3^ gramme, and a piece 3 in. long, weigh- 
ing about i-io gramme. 

22. SAIVO-BATH. A small wrought-iron dish, 4 in. di- 
, ameter, with a rounding bottom, filled with sand. 

23. SPATUIiA. A thin piece of wood (easily made by the 
student), or a piece of bone, or a spade-shaped instrument of 
porcelain, or the knife-blade, is used as a spatula for taking a 
portion of a precipitate from a filter, or for mixing powders. 

24. TRIANOliE. A triangle is made by twisting together 
the ends of three pieces of iron wire. It should be long enough 
to rest on the tripod. It is Used as a support for the crucible. 

25. TRIPOO. A triangle with legs, of i^ in. iron wire, is 
easily made by a blacksmith. The triangle should be about 5 
in. long on each side, and the height of the legs should be ad- 
justed to that of the lamp used. 

26. fORE OAITZE. A piece of brass wire gauze, of 
stout wire, and with the meshes not more than yi in. wide, large 
enough to lay on the tripod. It serves as a support to the ves- 
sels heated, and as a protection from the direct action of the 
flame. 



* The higher metals, such as Ibad, copper, silver, etc., alloy with plati- 
num, and the foil and wire are destroyed when they are heated with sub- 
stances containing these metals in the pure state, or with substances from 
which these metals separate on heating, such as their oxides mixed with 
charcoal or organic matter. 
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CHEMICAL OPERATIONS. 

av. REACTION WITH TEST PAPEft. A small 
piece of red or blue litmus paper is dipped in th^ solution. If it 
is acid, blue paper is turned red ; if it is alkaline, red paper is 
turned blue. 

Tumeric paper is turned brown by alkalies. 

»§. PRECIPITATION. When an insoluble body is 
formed in a solution and separates (falls) from it, precipitation is 
said to take place. Precipitates are gelatinous^ as aluminic hy- 
drate ; flocculent (consisting of flakes), as sulphide of zinc \ or 
pulverulent, as baric sulphate. Usually the particles are less 
finely divided, and filtration is easier with precipitates which form 
in dilute solutions, particularly in boiling solutions. With some 
precipitates, as magnesic phosphate, in very dilute solutions the 
act of precipatitioh is a slow process of crystallization, and the 
formation of a precipitate does not take place until after several 
hours. 

29. FIIiTRATION is a process by which an insoluble 
body, usually a precipitate, is separated from a liquid. It is usu- 
ally important to allQw a precipitate to settle before filtration ; 
and frequentiy after the clear Hquid has been poured upon the 
filter, it is best to add more water to the precipitate, and to wait 
again until it has settled. When the precipitate requires to be 
washed, this process may be repeated many times before the 
precipitate is brought upon the filter. The precipitate usually 
dogs the pores of the filter, so that it retards the flow of the 
liquid. A precipitate which has to be washed is finally brought 
on the filter by rinsing with the wash-bottle, and it is washed by 
repeatedly filling the filter with water and allowing it to empty 
itself. The process should be intermittent, and the filter should 
never be kept constantly full during the latter part of a filtration, 
when the object i$ to wash a precipitate with pure water. Some- 
times precipitates, which take the form of a powder, are so finely 
divided, as to pass through the pores of a filter. This can usually 
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be avoided by precipitating in a dilute solution, and particularly 
by boiling the solution. Sulphur cannot be prevented from go- 
ing through the filter. Filtration is more rapid with hot than 
with cold water. Before commencing a filtration, the filter 
should be made to fit closely to the side of the funnel, and it 
should always be moistened with pure water. 

80. DECAIVTATION consists in allowing a precipitate to 
settle, and in pouring off the liquid above it, in the manner al- 
ready mentioned under filtration. This process may or may not 
be imited with that of filtration. For instance, argentic chlo- 
ride settles so completely and quickly that it can usually be 
washed amply by repeated decantations. 

81« ETAPORATION is usually performed in a porce- 
lain dish. A few drops of liquid can be evaporated by heating 
them on the platinum foil. Bits of broken glass or porcelain ves- 
sels are very useful for the same purpose. 

82. THE irSE OF THE BliOWPIPE. An olive oil 
or kerosene lamp, with a wick Y% in. long and ^ in. broad, or 
a Bunsen's lamp, with the regulator turned to shut off the 
draught of air may be used. If the Bunsen's lamp has no regu- 
lator for the draught, a smaller tube may be introduced into the 
lamp-tube, until it rests upon the piece fi*om which the gas issues, 
and excludes the air. After considerable practice a continuous 
stream of air can be forced through the blowpipe by making the 
cavity of the mouth the reservoir, into whch air is forced at inter- 
vals firom the lungs, and is prevented from escaping by a pecu- 
liar contraction of the throat and hanging palate, which is easily 
learned ; the breathing goes on through the nose uninterruptedly. 
The chief difficulty that beginners usually experience, is fatigue 
of the muscles of the cheeks, which prevents a long-continued 
e£R)rt. Two kinds of flames can be produced with the blow- 
pipe — one containing an excess of air, consequently of oxygen ; 
the other containing an excess of combustible gases, consequent- 
ly of gases capable of consuming oxygen or reducing. 

THE OXITDIZINO FLiAlUE is produced by introducing 
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the point of the blowpipe two-thirds through the lamp-flame. 
It is a clear blue cone, surrounded and continued at the point by 
a colorless flame, intensely hot, and capable of producing oxyda- 
tion. The substance should be heated at or just beyond the 
point of the blue cone. 

THE REDUCINO FL.A1XIE is produced by holding the 
point of the blowpipe at the outside of the lamp-flame, and by 
blowing somewhat more gendy. The flame is much less pointed 
and is more luminous than the oxydizing flame. The substance 
should be heated at a distance from the point of the flame equal 
to one-third of its length, and should be completely enveloped 
in the flame. The position of the blowpipe and the force of the 
blast regulate the quality of the flame. It is a difficult mat- 
ter to produce the true reducing flame, which should not deposit 
carbon on the substance heated in it, and at the same time 
should contain no excess of oxygen. 

38. THE BORAX BEAD is formed by making a loop 
^ in. in diameter in the stout platinum wire, heating it red hot 
in the blow-pipe flame, and touching it to a small piece of borax 
while it is hot. The borax, which adheres to the hot wire, is 
heated in the blow-pipe flame. It at first swells, while losing its 
water of crystallization, and finally it melts to a clear glass bead. 
A finely divided substance can be taken Up by touching the hot 
bead to it, and it can then be tested as to its solubility in the bo- 
rax bead, coloring properties, &c., in the blow-pipe flame. 

84. HEATOrO ON CHARCOAIi. Select a good piece 
of charcoal, at least 4 in. long, and i in. broad and thick, and 
smooth a plane surface in a direction at a right angle with that 
of the year-rings. (If heat is applied to a surface parallel to the 
planes of the year-rings, the charcoal is more liable to snap firom 
the expulsion of moisture.) In many cases the charcoal serves 
as a convenient .support for a substance to be heated; in others 
the reducing agency of the charcoal comes in play. Substances 
are also evapiorated at a high temperature firom the surface of the 
charcoal. 
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S^ DUCTIIiITT, MALiiiEABIIilTT, BRITTI^E- 

BTESS are characteristic properties of metals, and metals can be 
tested with regard to them by pounding with a hammer or by 
rubbing with the pestle of a mortar. When a substance which 
appears to ^contain a higher metal is reduced by sodic carbonate 
on charcoal, imless metallic globules are at once apparent, the 
portion of the charcoal which has been heated should be cut out 
and pulverizcid with water in a mortar, and washed by decanta- 
tion. If metallic globules have been formed, they will sink to 
the bottom, and after thorough washing, during which the sodic 
carbonate is dissolved, and the light particles of charcoal are 
floated away, they will appear as globules, if they are hard like 
copper; as brittle grains, if they are britde like bismuth ; or as 
flattened disks, when they are ductile like lead, and when they 
have been pressed by the pestle against the mortar. 

S6. COIiOB OF THE FliAlXIE. If the substance to 
be tested is a solid, a small piece of it is brought. on a loop of 
the fine platinum wire, or in a pair of forceps, into the flame of 
the alcohol or Bunsen's lamp,, and the color imparted to the 
flame observed. If a substance in solution is to be tested, the 
fine platinum wire is dipped in the solution and is then introduced 
into the lamp-flame. If the solution is too dilute to afford a dis- 
tinct test- in this way, it must be evaporated, and it is usually 
best to evaporate nearly to dryness, and to take some of the 
solid residue for the test. 

87. THE MANIPUL.ATION OF OL.ASS TITBOTO. 

Glass softens, when a small piece is heated in the flame of 
an alcohol lamp, or when a larger piece is heated in a Bunsen's 
lamp, or with the blowpipe flame or in a blast lamp. 

A tube can be bent easily, as soon as the glass softens. 

It is best only to bend gentiy at first, then to heat the adja- 
cent part of the tube, and to bend again, and so on, in order 
that the sides of the tube may not fall together in bending. 

When a glass tube is heated for some time, it contracts and 
the sides thicken. By drawing out a tube either immediately 
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a&ST it has become soft, or after the sides have thickeiiied, a 
tapering point of any desired calibre and Uiickness of glass can 
be obtained. 

To close the end of a glass tube, draw the tube off while the 
glass is as thin as possi))le, and hold the tapering point in iiht 
flame, and draw the end off again ; in this way a tube with a 
pointed, closed end is obtained ; by heating the closed end of the 
tube removing it from the flame, rotating it and blowing in it, while 
the glass is still red-hot, it expands, and a mote roimded end or 
a bulb can be produced. Glass tubing can be cut by making a 
mark at the required place by a few file-strokes, and thca by 
breaking the glass. The ends of glass tubes cut in this warf 
should be held in the flame till they become red-hot; in this 
way the sharp edges become rounded. 
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Part II is preparatory to Part III, which contains a general 

• 

scheme of analysis applicable to compounds of all the elements. 
The most important tests are those which are described in Part 
III, and a knowledge of them would suffice alone for the pur- 
poses of analysis, if the liability to error in chemical manupula- 
tions did not make it expedient to employ a variety of tests, as 
corroborative evidence, before coming to a conclusion in regard 
to the composition of a substance. 

It is important that the student should turn to Part III, and 
commit to memory the general features of the scheme of separa- 
tion for each group, at the time that he is performing the reac- 
tions of the members of the group as they are described in the 
following pages. By this means he will 'make himself familiar 
with the important points in which the compoxmds with which he 
hias to deal differ from each other, and the manner in which these 
differences can be used in analysis; also at this stage of his pro- 
gress it is advisable for him to make mixtures of compounds of 
several elements, and to analyze them according to the directions 
given in Part III. 

The student, keeping in view the reasons for learning the char- 
acteristic reactions of the compounds of each element, should 
perform carefully the tests described in Part II, supplementing 
the description by the closest observation of the phenomena as 
they pass before his eyes. By practice of this kind he will soon 
acquire the skill in manipulation necessary for analytical work. 
Always, when a reaction is performed, the equation describing it 
should be written. The formulas of the reagents and the com- 
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pound operated upK)n* form the first half of the equation; the 
formula of the precipitate, which is given in the book, enters in- 
to the second half of the equation and determines the formulas 
of its other members. 

Thus it is known that baric chloride and calcic sulphate give 
a precipitate of baric sulphate, BaS04. (See page 32.) From 
the formulas on the labels of the bottles we can construct the 
equation : BaCl2 + CaS04 = BaS04 + X, and by inspecting the 
equation we find the imknown quantity X can only be CaCl2. 
The following case is more complicated : disodic hydric phos- 
phate, ammonic hydrate, and magnesic sulphate, form a precipi- 
tate of MAGNESIC AMMONIC PHOSPHATE, MgNH4P04; 01, put- 
ting the statement into formulas, Na2 HPO4 + NH4HO -|- Mg 
SO4 = MgNH4 PO4 + X. Here X = Na« + Hg + O -|- SO4, 
and the question arises : How are these, bodies combined ? A 
slight experience will teach tjiat the rule 2d (page 8) brings the 
SO4 and the Na together, and consequently the H2 and the O ; 
while an inspection of the tables of atomicities (page 2 and page 
11) shows that SO4 combines with 2 Na, and that O combines 
with 2 H; hence X becomes Na2S04 + HjO. 

The grouping together of the elements or groups of elements 
appearing in reactions is not usually a difficult matter, aijd is 
soon learned with practice. 

The formulas of the compounds which are most firequently 
used in the laboratory stand aft;er the names of the metals and 
acids, and can be Tised in writing equations. 



* These formulas should be given in full upon the labels of the bottles 
containing the compounds used and the reagents. 



TESTS FOR METALS. 



GROUP I. 

SODIUM, POTASSIUM AND AMMONIUM. 

There is no reagent which precipitates alljthej^metals of this 
group. The salts of metals of Group I have a neutral reaction 
when they contain strong acids like chlorhydric, nitric,^and sul- 
phuric acids. They have an alkaline reaction when they con- 
tain weak acids like sulphydric, boracic and carbonic acids. 

SODIUM. 

NaCl ; NaaCOs ; NaHO. 

Sodium compounds can be recognized by heating them in the 
loop of a piece of fine platinum wire (36) in the flame of a 
lamp. Sodium colors the flame yellow^ and can be"'recognized, 
even when mixed with much larger quantities of other elements, 
which alone impart other colors to the flame. 

When a liquid is to be tested, it may be evaporated and the 
residue brought on the platinum wire, or frequentiy it is suffi- 
cient to dip the wire in the liquid and to bring it into the flame 
of the lamp. 

No reagent* precipitates sodium compounds. 



* Only the reagents spoken of in this book are referred to* 
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POTASSIUM. 

KCl; K2SO4. 

Potassium compounds color the flame of a lamp violet. A 
small admixture of sodium obscures the color of the flame of 
potassium, but the sodium color disappears, a^d that character- 
istic of potassium can be observed, when the iame is viewed 
through a thick glass, colored blue with cobalt. 

Mix together a sodium and a potassium salt, observe the yel- 
low color imparted to the flame by the mixture, showing the pres- 
ence of sodium, and then examine the flame for the potassiiun 
color through a piece of cobalt glass thick enough to exclude the 
sodium flame. Examine a pure sodium flame with cobalt glass 
to ascertain that the glass does not allow the color of the sodium 
to' pass through it, or until the blue color of the sodium flame 
can be easily distinguished from the violet of the potassium 
flame.* 

PliATIJyiC CHLORIDE precipitates concentrated solu- 
tions of potassic chloride, as a double chloride of platinum 
and potassium, (KC1)2 PtCLi. No other salt of potassium can 
be used for this test. It is best to evaporate the solution to dry- 
ness in a water-bath, with a large quantity of platinic chloride, 
and to wash the residue several times with alcohol. The double 
chloride is left as a yellow crystaUitu powder ^ which gives the 
potassium flame. The double chloride is slightly soluble in 
water but insoluble in alcohol. 

No other reagent precipitates potassium compounds. 



* If the glass is sufficiently thick and intense in color, the light from the 
sodium flame is completely excluded. A thinner glass allows a part of the 
the light to pass through, but it then has a blue color which can be distin- 
guished after practice from the violet color of the potassium flame, which 
passes through the glass with Uttle of its brilliancy diminished. 
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AMMONIUM. 
NH4CI; NH4HO. 

Ammonium compounds do not color the flame of a lamp. 
PLiATIHriC CHIiORIBE precipitates ammonic chloride 

as a DOUBLE CHLORIDE OF PLATINUM AND AMMONIUM (NH4C1)2 

PtCU. The precipitate forms imder the same circumstances, and 
has the same aspect and properties as that obtained with potassic 
chloride, but it can be distinguished from the latter by the ab- 
sence of color imparted to the flame of a lamp, when it is heated 
in it. It is destroyed at a dull red heat and a residue of metal- 
lic platinum is left. 

SODIC HITDRATE, added in excess to ammonic com- 
pounds, causes them to give oflf the smell of ammonia gas, 
NH3, especially when the solution is heated. Ammonia gas 
edors moist tumeric paper brown (a delicate test). 

No other compound interferes with the application of this test 



GROUP II. 

BARIUM, CALCIUM AND MAGNESIUM. 

The chlorides and nitrates of metals of Group II are 
soluble in water. The sulphates of calcium and magnesium are 
also soluble. The solution^ have a neutral reaction with test 
paper. 

AHIIIIONIC and SODIC CARBONATEI^ precipitate 
the metals of Group II in neutral solutions as carbonates. 
The carbonate of magnesium is very soluble in solutions of 
ammonic salts, particularly in ammonic chloride; therefore no 
precipitate of magnesic carbonate is produced when these salts 
are present in considerable quantity. 

NEUTBAIi PHOSPBLATES (as disodic hydric phos- 
phate) precipitate the metals of Group II in neutral or alkaline 
solutions as phosphates. 

The carbonates and phosphates of metals of Group II are 
soluble in dilute acids, unless the acids themselves are capable 
of precipitating the metals. 

SUIiPHTDBIC ACID, AHIIIIONIC SUI.PIIIDI:, and 
AMMONIC HTDBATi:, do not precipitate the metals of 

Group II. 

BARIUM. 

BaClj; Ba(N03)2; Ba(HOV 
. SUliPHUBIC ACID (dilute) precipitates baric com- 
pounds, as BARIC SULPHATE, BaS04, white powder. 

CAIiCIC SUIiPHLATE and other soluble sulphates give 
the same precipitate with baric compounds. 
Baric sulphate is insoluble in acids. 
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Barium compounds, particularly when moistened with chlor- 
hydric acid, color the ^dxi\t yellmvish green, 

* 

CALCIUM. 

CaClz; CaS04; Ca(H0)2. 

SVL.P1IUBIC ACIB (dilute) and soluble sulphates, except 
calcic sulphate, precipitate concentrated solutions of calcium 
compoimds, as calcic sulphate, CaS04, white powder. Calcic 
sulphate is soluble in a considerable quantity of water, therefore 
no precipitate is produced in very dilute solutions by sulphuric 
acid. It is insoluble in dilute alcohol, therefore sulphuric acid 
(dilute), with the addition of a large quantity of alcohol, precip- 
itates calcic sulphate from even dilute solutions of calcium 
cqjapounds. 

AMMONIC OXAIjATE precipitates calcic compounds 
ifrom neutral or alkaline solutions, as calcic oxalate, CaC204, 
white powder. The precipitate forms best after standing some 
time in a solution to which ammonic hydrate has been added in 
excess. Calcic oxalate does not dissolve in acetic acid. Baric 
salts, but not magnesic salts in the presence of ammonic chloride, 
are precipitated by ammonic oxalate in solutions, to which am- 
monic hydrate has been added in excess. 

Calcium compounds, particularly when moistened with chlor- 
hydric acid, color the flame yellowish red, 

magnesium. 

MgCU; MgS04. 

DTSODIC HTDBIC PHOSPHATE precipitates mag- 
nesic compoimds, to whose solution ammonic hydrate and 
ammonic chloride have been added, as magnesic ammonic 
PHOSPHATE, MgNH4P04, white crystalline potvder, or white 
flakes if the solution is concentrated. This precipitate only appears 
after the lapse of some time in very dilute solutions. It is then 
crystalline. 
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80]>1€ HYDRATE, in excess, precipitates magnesic com- 
pounds as MAGNESIC HYDRATE, Mg (HO)2, whUe powdisr^ when 
it is boiled with their solutions. In case amnionic chloride is 
present, the boiling must be continued until the odor of ammo- 
nia is no longer perceptible. 



Mix together the chlorides of barium, calcium and magnesium 
and dilute the solution with a considerable quantity of water. 
Add dilute sulphuric acid and boil. If the solution is suffidendy 
dilute, the barium alone is precipitated. Filter a small p>ortioQ 
of the solution containing the precipitate and add sulphuric adki 
to the filtrate ; if a precipitate forms, all of the barium has not 
been precipitated and more sulphuric acid must be added to the 
remainder of the solution until the barium is completely precipi- 
tated. Filter and preserve the barium precipitate on the filter. 
Add a small quantity of ammonic chloride, then ammonic hydrate 
tmtil the reaction becomes alkaline, and finally ammonic oxalate. 
The calcium alone is precipitated if the solution is free fitwn 
barium. Add enough ammonic oxalate to precipitate all the 
calcium, testing with ammonic oxalate in the same way as before 
' in^rder to ascertain when the precipitation is complete. Filter 
an^preserve the calcium precipitate. Add to the filtrate disodic 
hydric phosphate. Magnesium alone is precipitated, when the 
solution is free fi*om barium and calcium. Wash the barium and 
calcium precipitates on the filters until a drop of the water which 
passes through the filter leaves no residue after evaporation on 
platinum foil, and test the color which each precipitate imparts 
to the flame.* 



* Processes similar to the above are used for the separation of all the 
metals from each other, and care must always be taken to ascertain whether 
enough of a reagent has been added to completely effect a precipitatipn be- 
*fore the next test is proceeded with in the Bltrate, and when a predpitftte 
^ts to be examined, it must be thoroughly freed by washing from thb'Clfta- 
tion which adheres to it. 



GROUP III. 

ALUMINIUM AND CHROMIUM. 

» 

The sulphates, chlorides, and nitrates of metals of Group III 
are soluble in water, and the solution has an acid reaction with 
test paper. Aluminic and chromic alum solutions have a neutral 
reaction. 

AMMOiyiC HTBRATi:, CARBONATE, and SUiL- 
PHIDi: precipitate the metals of Group III, as hydrates. 

NEUTBAIi PHOSPHATES prfecipitate the metals of 
Group III as phosphates. 

SUIiPHYDBIC ACIB does not precipitate the metal^ of 
Group III. _ /5 /^ 

ALUMINIUM.- ^^(it^{J^^^}^^^7\ 

Al2(S04)3; Al^Cifi. ' ^^ 4 • >l^ifjca 2.. 

AimnEONIC HITDBATE precipitates aluminic compounds 
as ALUMINIC HYDRATE, Al2(HO)6, gelatinous, white flakes, ^/^^ - 

The precipitate is insoluble in ammonic hydrate and in amitio- 
hic chloride, but dissolves in acids and in sodic hydrate. It 
forms best on boiling. 

SODIC HYDRATE precipitates aluminic compounds like 
ammonic hydrate, but an excess of sodic hydrate dissolves the 
•precipitate so quickly *tiiat its formation easily escapes notice. 

No precipitate is formed when the solution in sodic hydrate 
ris boiled. 

Solid compounds of aluminium (except silicates), when roois- 
^tened with cobaltic nitrate solution, and heated with the oxydiz- 
ing blowpipe-flame (see page 24, 34) on charcoal, or on a 
platinum wire, take a blue color. 
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CHROMIUM. 

Cr^ (804)3; Cr^Cle. 

Solutions of chromic oxide compounds are green, 

AmmOIIfIC HYDRATE precipitates chromic compounds 
as CHROMIC HYDRATE, Cia (H0)6, gelatiftous, dirty green flakes. 
The precipitate is insoluble in ammonic hydrate after boiling, 
and in ammonic chloride, but dissolves in acids and in sodic 
hydrate. 

SODIC HYDRATE precipitates chromic compounds like 
ammonic hydrate, but dissolves them, when an excess of sodic 
hydrate is present. Chromic hydrate is precipitated from its 
solution in sodic hydrate, when the dihite solution is boiled for 
some time.* 

BliOlVPIPE REACTIONS. Compounds of chromium 
color the borax bead green. 

If chromic hydrate, or any solid chromic compound, is mixed 
with equal parts of sodic carbonate and sodifc nitrate, and heat- 
ed red-hot on the platinum foil, chromate of sodiimi is formed 
by the oxidation of chromic oxide. Chromate of sodiimi dis- 
solves in water with a yellow color. The color is heightened 
when an acid is added, and an acid chromate is formed in the 
solution. 

TTds reaction is a characteristic test for chromium compounds. 



Mix together solutions of chromium and aluminium salts, add 
sodic lydrate until the reaction becomes very strongly alkaline 
(the precipitate which first forms will dissolve), dilute with a 
considerable quantity of water in a small flask, and boil for sev- 
eral minutes after a dirty green precipitate has formed. Filter 
from the precipitate. This precipitate contains all the chromium. 
Test it according to Part III (99). The filtrate contains all 
the aluminium. Test it according to Part III (101). 



GROUP IV. 

ZINC, MANGANESE, IRON, NICKEL AND COBALT. 

The sulphates, chlorides and nitrates of metals of Group IV 
are soluble in water. The solutions have an acid reaction with 
test paper. 

AinillONIC SUIiPHIDE precipitates the metals of Group 
IV£as sulphides; if the solution is not neutral, it should be made 
so with ammonic hydrate. 

SODIC HITBRATE and AMMONIC HITDRATE 

precipitate the metals of Group IV as hydrates. The hydrate 
OF ziNc][is soluble in an excess of the precipitant, and the hy- 
drates OF nickel and cobalt are soluble in ammonic hydrate. 

SODIC CARBONATE precipitates the metals of Group 
IV as CARBONATES (fcrric compounds as ferric hydrate). 

NEUTRAIi PHOSPHATES precipitate the metals of 
Group IV as phosphates. 

SlTIiPHTDRIC ACID does not precipitate the metals of 
Group IV, when they are in an acid solution. (See Zinc, page 

38.) 



• 



SECTION I. 

Zinc, Manganese and Iron. 

Metals whose sulphides are soluble in cold dilute chlorhydric acid, 

ZINC 

ZnS04; ZnClj. 
Metallic zinc dissolves readily in dilute chlorhydric acid and 
sulphuric acid, with evolution of hydrogen. 



• 
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The metal melts readily when heated on charcoal with the 
blowpipe, and at a high temperature it distils, and the vapor 
' bums with a bluish-white flame, depositing an incrustation on 
the charcoal of oxide of zinc, ZnO, which is white when hot, 
zxA yellow when cold. If the incrustation is moistened with co- 
baltic nitrate and heated in the oxydizing flame, it turns dirty 
green. By this test zinc can often be recognized in alloys. 

AinillONIC SUIiPHIBE precipitates zinc compoimds as 
the SULPHIDE OF zmc^ZT&'-~white^flo€Culent precipitate. The 
sulphide of zinc is soluble in dilute chlorhydric acid, but not in 
acetic acid. It is the only white insolul?le sulphide. 

SUIiPHYDBIC ACID precipitates zinc as the sulphide of 
ZINC, when the metal is only combined with acetic acid. To ob- 
tain the precipitate, if a stronger acid is present, add sodic hydrate 
until the solution has a strongly alkaline reaction, and then add 
acetic acid, until the reaction becomes acid, before treating with 
sulphydric acid. 

SODIC and AmmoIVIC HYDRATES precipitate zinc 
compounds as the hydrate of zinc, Zn(HO)2 white flakes. The 
precipitate dissolves easily in an excess of the precipitants; and 
the solution in sodic hydrate is not reprecipitated when it is 
boiled. 



• 



manganese. 
MnS04; MnC^. 



Solutions of manganese compounds are of a faint pink color. 
AMMONIC S1JliPHID£ precipitates manganese com- 
, poimds as the sulphide of manganese ^vl% flesh-colored flakes. 
-^The sulphide of manganese is soluble in dilute acids. 

SODIC and AMUIOIVIC HirDBATES precipitate man- 
ganese compounds, as manganous hydrate, Mn(H0)3, white 
flakeSy which turn brown on exposure to the air. Manganous hy- 
drate is insoluble in an excess of the precipitant, but it is soluble 
in a large quantity of ammonic chloride. 
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BliOWPIPE REACTIONS. Manganic compounds col- 
or the borax bead amethyst in the oxydizing flame. If a com- 
pound of manganese is heated with a soda bead (which can be 
made in the same way as a borax bead in the loop of a platiniuni 
wire) in the oxydizing flame, it colors it green^ in consequence of 
the formation of manganate of sodium. The same color is pro- 
duced, when a compound of manganese is heated on the plati- 
num foil with sodic carbonate and nitrate. On boiling the green 
salt with water, it is destroyed, the color disappears, and brown 
flakes of manganic hydrate are precipitated. 

IRON (ferrous salts), 

FeSO*; FeClz. 

Metallic iron dissolves readily in dilute acids, with evolution 
of hydrogen. 

Ferrous salts in solution have 2, pale green color. 

OXTDIZINCl AGENTS (as nitric acid and potassic chlo- 
rate), when heated with acid solutions of ferrous salts, oxydize 
them to FERRIC salts, whose color is brownish red, or reddish 
yellow, and is more intense than the green color of ferrous salts. 

AMMOIVIC SlTIiPHIBE precipitates ferrous salts, as fer- 
rous SULPHIDE, FeS, black flakes. Ferrous sulphide is soluble 
in dilute acids. 

SODIC and-AlHIIIONIC HYDRATES precipitate ferrous 
compounds as ferrous hydrate, Fe(H0)2, at first nearly white, 
then bluish green, and, finally, by absorption of oxygen, reddish 
brown. Ferrous hydrate is insoluble in a excess of sodic hy- 
drate. The presence of a large quantity of ammonic salts in 
a solution prevents its precipitation. 

POTASSIC FERROCTANIDE precipitates ferrous com- 
pounds, as POTASSic ferrous ferrocyanide, K2Fe(FeCyc)>* 



* Cy, cyanogen, is used as a symbol for the group CN. 
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hluish white, turning quickly dark blue, through absorbtion of 
oxygen from the air. 

POTASSIC FEBRICYANIBE precipitates ferrous com- 
pounds, as Turnbull's' blue, Fe3(Fe2Cyi2), ♦ de<^ blue. This is 
the best test for ferrous compounds, 

llie last two precipitates are insoluble in dilute acids. 
/ POTASSIC SUI.PIIOCTANATE gives no coloration 
with ferrous compounds. 

IRON {ferric salts),^^^^' ^^^J,^ Uj 

Fe^Cle. . ,^\y. >;,;'-, 6^ 

BEDUCIHrO AGEHTTS, as sulphurous and sulphydnc 
acids, metallic zinc and iron, reduce ferric salts in solution to 
ferrous salts, when a free acid is present. 

The reaction with sulphydric acid is accompanied by a pre- 
cipitation of sulphur Fe2Cll+ HgS = 2FeCl2 + 2HCI +S. 

A similar reaction takes place with ammonic sulphide and the 
other salts of sulphydric acid. 

Ferric salts in solution have ^yellow color, and they possess a 
much stronger coloring power than ferrous salts. 
I AMIflOIiriC SUIiPHIBi: reduces ferric salts to ferrous 
salts, and then precipitates ferrous sulphide, FeS, black 
flakes. 

SOBIC and AHIflONIC HTBBATES precipitate ferric 
compounds as ferric hydrate, Fe2(HO)6, red gelatinous 
flakes, insoluble in an excess of the precipitants, and in ammonic 
salts. 

POTASSIC FERROCTANIBE produces a precipitate 
of PRUSSIAN blue, Fe4(FeCye)3, deep blue, in a solution of ferric 
salts. 

POTASSIC F£RBICTANIBE colors solutions of ferric 
salts deep reddish brown, but produces no precipitate. On the 
addition of a reducing agent a deep blue precipitate forms. 



See note on preceding page. 
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POTASI»I€ SUIiPHOCTANATE gives a deep red color* 
with the smallest traces of ferric compounds in acid solutions. 

The different behavior with the last three reagents of ferrous 
and ferric salts serves to distinguish betijueen them, 

BliOlVPIPE REACTION. Iron colors the borax bead 
green in the reducing flame, and reddish yellow while hot, and 
yellow while cold, in the oxydizing flame. 



Mix together solutions of zinc, manganese and iron salts ; if a 
ferrous salt is taken, add a little chlorhydric acid and boil the 
solution for a few minutes with one or two crystals of potassic 
chlorate, in order to convert the ferrous into ferric salt. Add 
sodic hydrate to the solution until the reaction is strongly alka- 
line, boil for a few minutes and filter. AH the manganese and 
iron will be precipitated. Test the precipitate for iron according 
to Part III (9*7), and for manganese according to Part III 
(98). All the zinc will be contained in the filtrate ; test it for 
zkic according to Part III (100). 

SECTION 11. 

Nickel and Cobalt. 

Metals whose sulphides are insoluble in cold, dilute chlorhydric acid. 

NICKEL. 

NiS04; Ni(N03)2; NiC^. 

Solutions of nickel salts are green. 

AMinONIC SUIiPIUBi: precipitates nickel compounds 
as the SULPHIDE of nickel, NiS, black flakes. The sulphide of 
nickel is insoluble in cold, dilute chlorhydric acid. It dissolves 
readily on boiling, or in a strong acid. 



* Potassic sulphocyanate gives the same color with a solution containing 
a large quantity of free nitric acid. 
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SO]>l€ and AMMONIC HTORATES precipitate nick- 
el compounds as the hydrate of nickel, Ni(H0)2, appk green. 
The hydrate of nicker is insoluble in an excess of sodic hydrate. 
It dissolves in amnionic hydrate, and the solution has a blue 
color. 

BliOHrpiPE REACTIONS. Nickel colors the borax 
bead in the oxydizing flame violet^ when it is ?iot, and a faint 
reddish-brawn^ when it is cold. The latter color can best be seen 
by flattening the bead when it is hot, by pressure, with the end 
of the blowpipe on a glass surface. By long-continued reduc- 
tion in the reducing flame, or on charcoal^ the bead may be ob- 
tained colorless^ but with gray specks of reduced metal in it. 

COBALT. 

Co (N03)2 ; C0CI2. 

Solutions of cobalt salts, when dilute, are red, 

AlHllIOIiriC SUIiPHIDi: precipitates cobalt compounds 
as the SULPHIDE of cobalt, CoS, black flakes, TheJ^sulphide 
of cobalt is insoluble in cold dilute chlorhydric acid. It dissolves 
readily on boiling or in a strong acid. 

SODIC and AMmONIC HYORATES precipitate co- 
balt compounds at first as a blue basic salt, which changes to the 
pale red cobaltous hydrate, Co(HO)2 on boiling. On ex- 
posure to the air it becomes brown, through the formation of 
cobaltic hydrate. Cobaltous hydrate is insoluble in an excess of 
sodic hydrate, but it dissolves in ammonic hydrate, and the solu- 
tion is red, tinged with brawn, 

BliOMTPIPC: REACTIONS* Cobalt compounds color the 
borax bead blue, and the color is so intense that a small quanti- 
ty of cobalt eclipses the color produced by a much larger'quan- 
tity of nickel, when the latter is mixed with it. The blue colpr 
does not disappear on reduction, so that when sufficient nickel 
is present to hide the color of a small quantity^of cobalt in a 
bead, the color of the nickel may be made to disappear by a 
thorough reduction, either on the platinum wire, or on charcoal, 
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SO that the blue color characteristic of cobalt can be detected in 
.the bead, after it has been melted and flattened by pressure with 
the end of the blowpipe on a glass surface. If the bead was 
reduced on charcoal, it is advisable to remove it from the char- 
coal and to melt it on the platinum wire in order to examine its 
color. 



Mix together sulphates of zinc, manganese and nickel and the 
nitrate of cobalt and ferrous sulphate, add ammonic hydrate un-. 
til a permanent precipitate begins to form, and then ammonic 
sulphide* imtil the metals are completely precipitated as sulphides* 
Wash the precipitate on a filter and treat it with cold, dilute 
chlorhydric acid in ordei; to separate the sulphides of nickel and 
cobalt from the other sulphides. See Part III (93). 

Test for nickel and cobalt according to Part III (93) and 

(94). 

Test for the other metals in the chlorhydric acid solution ac- 
cording to Part III (95), (96), (97), (98) and (lOO). 



* In order to precipitate the nickel completely, the solntion must not 
contain free ammonic hydrate and the ammonic sulphide must not contain 
an excess of ammonic hydrate. If these precautions are not observed a 
part of the sulphide of nickel dissolves, imparting a black color to the so- 
lution. 
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CHIjORHTDBIC acid precipitates mercurous compounds 
as MERCUROUS CHLORIDE, Hg8Cl2, whiU powder, Mercurous 
chloride turns black, but does not dissolve when amnionic hy- 
drate is added to it. It is insoluble in dSute acids. It dissolves 
in aqua regia. 

SODIC and AHIIIIONIC HYDRATES give with mer- 
cmrous compoimds black precipitates, insoluble in an excess of the 
precipitant. (For tests by heating mercurous compounds, see 
page 48.) 

LEAD. 
Pb(C2H302)2; Pb(N03)2. 

Metallic lead dissolves readily in nitric acid. 
SUIiPHTDRIC ACID and AMMONIC SVI^PHIDi: 

precipitate lead compounds, as the sulphide of lead, PbS, 
black. Sulphide of lead is oxydized by strong nitric acid, with 
forination of sulphate of lead, white powder^ which is insoluble, 
unless a very large quantity of nitric acid is present. 

CHIiORHlTDRIC ACID precipitates lead compounds, as 
the CHLORIDE OF LEAD, PbCl2, wMte, When the solution is di- 
lute no precipitate is produced. The chloride of lead dissolves 
entirely on boiling with a large quantity of water. 

SUUPHURIC ACID precipitates lead compounds, as the 
SULPHATE OF LEAD, PbS04, whitc* powdcT, Sulphate of lead is 
soluble to some extent in chlorhydric and nitric acids, and it is 
slightly soluble in water. It is insoluble in a mixture of alcohol 
and water. When complete precipitation is required, it is best 
to evaporate with an excess of sulphuric acid, until all the other 
adds are driven off, then to dilute with water, and to add an 
equal bulk of alcohol. 

Lead, barium, calcium and stannic compounds are the 
4mfy ones precipitated hy sulphuric acid. 

80BIC afeid AHmONIC! MlTDRATfiS precipitate com- 
pounds of lead, as basic salts of lead, white precipitate, Basic 
salts of lead are somewhat soluble in sodic hydrate. . 
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BliOfTPIPi: REACTIOmrS. Solid compounds of lead 
give, when heated with sodic carbonate on charcoal, globules of 
metallic lead, recognizable by their softness and ductility. An 
incrustation of oxide pf lead, PbO, deep yellow when hoty light , 
yellow when coldy is formed upon the charcoal, not far from the 
place where the substance is heated. 

Pure lead, or alloys containing a large amount of lead, when 
heated on charcoal, without soda, bum with a blue flame, and 
give the PbO incrustation. 



Mix together acetate of lead, nitrate of silver and mercurous 
nitrate, add dilute chlorhydric acid until a precipitate ceases to 
form on further addition and filter the liquid. The precipitate 
contains all the silver and mercury and a part of the lead as 
chlorides. Add to the filtrate an equal bulk of alcohol and a 
small quantity of dilute sulphuric acid. All the lead which it 
contains will be precipitated. Filter, wash the precipitate and 
test it for lead on charcoal. 

Make a hole in the bottom of the filter and wash the precipi- 
tate obtained with chlorhydric acid into a small flask. Test the 
precipitate for the remainder of the lead, and for silver and mer- 
cury according to Part III (63), (64) and (65). 

■• 

SECTION //. 

Mercuric compounds, Copper and Bismuth. 
Metals which are not precipitated by Chlorhydric Acid, 

MERCURIC COMPOUNDS, 

HgC?,. 

81II.PH¥BRI€ ACIB and AlllllloiviC SVl4PHIB£ 

(precipitate mercuric compoimds, at first as double salts, which- 
appear first white, thtn yellow, orange, and Iravm, and finally as 
MERCURIC SULPHIDE, HgS, blcu:k, Mercuric sulphide does not 
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dissolve when it is boiled with moderately concentrated nitric or 
chlorhydric acid. It dissolves readily in aqua regia. 

. SOBIC HTBRATE precipitates mercuric compounds at 
first as basic salts, reddish browtiy finally as mercuric oxide, 
HgO, yellow ; insoluble in an excess of the precipitant. 

AMMOmriC HTBRATE precipitates mercuric compounds, 
as SALTS CONTAINING AMMONIA, tt/^//if. The precipitate is insol- 
uble in an excess of ammonic hydrate. 

STANNOUS CHIjORIBE reduces mercuric compounds, 
and precipitates them as mercurous chloride, Hg2Cl2, white. 
After the metals of Group V, Section I, if they are present, 
have been removed from a solution by the addition of chlorhy- 
dric acid, mercuric compoimds are the only ones which give a 
precipitate in acid solution with stannous chloride. 

REACTIONS iriTH THE AIB OF HEAT. Dry 
mercurous' and mercuric chlorides form white sublimates, when 
they are heated in a closed glass .tube. All dry compounds of 
mercury, when they are mixed with dry sodic carbonate, and 
heated in a closed tube, give a sublimate of metallic mercury. 
The sublimate is at first a faii^t metallic film, which augments, 
imtil drops of mercury appear. If the quantity of mercury is 
small, the film may be made to take the form of metallic drops 
by rubbing it with a copper wire. 

COPPER, 
CUSO4; CUCI2. 

Metallic copper dissolves readily in dilute nitric acid. It dis- 
solves with difficulty in chlorhydric acid. All copper solutions 
ai;e blue. 

IRON or ZINC precipitates copper from its acid solutions, 
either as a metallic coating or as brownish red metallic grains. 
If a strip of zinc and one of platinum are placed in a dilute acid 
solution of copper, so that they touch each other, the platinxrai 
is plated with copper. 
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SUI.PHYBR1C ACIB and AMinomC SlIIJ^HIDB 

precipitate cupric compounds, as cupric suLPHroE, CuS^ ^/orA 

Cupric sulphide is insoluble in dilute acids, but dissolves, readily 
in strong acids. It is somewhat soluble in an excess of ammonic 
sulphide. » 

SODIC HYDRATX: precipitates cupric compounds as 
CUPRIC HYDRATE, Cu(H0)2, light blue. On boiling, cuPRic ox- 
ide, CuO, black , is formed. The precipitate is insoluble in an 
excess of sodic hydrate. 

AlsniOIVlC HYBRATE precipitates cupric compounds, 
as CUPRIC HYDRATE, whith dissolves immediately in an excess 
of ammonic hydrate. The solution has a very intense blue 

color. 

A valuable test for cupric compounds. 

FERROCYANIBE OF POTASSIUM precipitates cupric 
compounds in acid solutions, as ferrocyanide op copper, Cu 
(FeCye), reddish brown. This is a delicate test for very smal 

quantities of copper. 

BliOlTFIFE REACTIONS. Cupric compounds color 
the borax bead blue when cold, and green when hot, in tte 
oxydizing flame. The bead is colored red and becomes 
opaque in the reducing flame. No other metal produces this 

coloration. 

When cupric compounds are heated with sodic carbwiate 
on charcoal, metallic copper is reduced in the form of small 
globules, which can be easily recognized by their hardness and 

red color. 

COFFER FIjAME. Compounds containing copper (al> 
loys and salts) color the flame of a lamp grten^ or if chlorine is 
present, blue. By moistening a cupric compound with chlorhyv 
dric acid the blue color can easily be detected 

BISMUTH. 

Bi(N03)a. 
Metallic bismuth dissolves readily in moderately coneentrated 



'.r 
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I^C acid. It dissolves with great difficulty in chlorhydric 

^AT£B« Solutions of bismuth, particularly those contain- 
ing ciilorhydric acid, are remarkable for giving a precipitate 
consisting of a basic salt, when water is added to them, 
unless they contain a large quantity of free acid. The basic 
,$alt can be dissolved by the addition of an acid. Chlorhydric 
ACID precipitates nitrate of bismuth solution as a basic chloride 
because the basic chloride of bismuth is more insoluble than the 
other basic salts. The precipitate is soluble on the further 
additipn of chlorhydric acid. 

SVIiPHlTBRIC ACIB and AMMONIC SUIiPHIBE 
precipitate bismuth compounds as the sulphide of bismuth, 

. isOBIG and AMMOHriG HITBRATES precipitate bis- 
tnuth compounds as the hydrate of bismuth, Bi(H0)3, whiie. 

The hydrate of bismuth is insoluble in an excess of sodic 
and, a^nmonic hydrates. 

B4:<OirPIP£ REACTIONS. Bismuth compounds, 
inixed witl^ sodic carbonate, and heated on charcoal, give Mi- 
'f^ metallic globules, and an incrustation of oxide of bismuth, 
BisOa, on the charcoal. 

, '.The incrustation is orange yellow when hot, and bright yellow 
Iwhen cold. 



Mix together merciyic chloride, cupric sulphate and nitrate 
of^ tnsmuth, and add sulphydric acid imtil the metals are 
*catapletely precipitated. Filter and wash the precipitate with a 
litfle water. Spread the filter out, scrape the precipitate off from 
it and heat the precipitate gently in a porcelain dish with strong 
nitric acid until red fiimes cease to be given off, then add a little 
water and boil for a few minutes. 

The sulphide of mercury remains insoluble. Test it according 
TO Part III (86). Test the filtrate for bismuth and copper ac- 
cording to Part III (88). and (89). 



GROUP VI. 

TIN, ANTIMONY, ARSENIC AND GOLD. 

The metals of Group VI sometimes act as acids, uniting with 
metals, and sometimes as metals, imiting with acids. Their com- 
binations with acids have an acid reaction; those with metals 
which are soluble in water, have an alkaline reaction. 

SUL.PHYBRIC ACID precipitates the metals of Group VI 
as SULPHIDES. The precipitation takes place slowly, particularly 
in the case of arsenic acid, and it should never be considered 
complete imless a current of sulphydric acid gas is passed 
through the solution for some time, and it is left to stand twenty- 
four hours. 

The sulphides of metals of Group VI are insoluble in' dilute 
acids, but they are decomposed or dissolved by boiling with con- 
centrated acids. They are soluble in sodic hydrate and in am- 
monic sulphide (the sulphide of gold with difficulty). 

TIN. 

Sn. 

Metallic tin dissolves readily in strong chlorhydric acid on boil- 
ing, and the solution contains stannous chloride, SnCIj. Tin 
is oxydized to stannic oxide, Sn02, white powder^ by strong 
nitric acid. Stannic oxide is insoluble in nitric acid, but dis- 
solves readily in hot concentrated chlorhydric acid, and the 
solution contains stannic chloride, SnCl4. Stannic chloride is 
also formed by the action of aqua regia on metallic tin. 

IDBTAliIilC ZINC precipitates metallic tin from its so- 
lutions in acids as crystalline metallic particles. 

BIi01¥PIPE REACTIOmrS. Compounds of tin are 
reduced, when they are heated with sodic carbonate and potas- 
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sic cyanide on charcoal ; and metallic tin may be discovered 
in flattened globules by rubbing the fused mass, taken from the 
charcoal, in a mortar with water, and washing several times by 
decantation. When the globules are large, they may be observed 
on the charcoal during the fusion. 

OXYDATIOmr by SODIC IVITRATi:. When a sul- 
phide of tin is oxydized at' the lowest possible temperature by a 
mixture of sodic nitrate and carbonate, stannic oxide, SnOs, 
which is insoluble in water, is formed. If the oxydation is car- 
ried on at too high a temperature, stannate of sodium is formed, 
which is soluble in water. 

STANNOUS COMFOUNDS. 

SnCIj. 

SUIiPHTDRIC ACIB and AMIIIOIiriC SULPHIBB 

precipitate stannous compounds from acid solutions as stan- 
nous SULPHIDE, SnS, dark brown. Stannous sulphide dissolves 
with difficulty in a colorless solution of amnionic sulphide ( the 
mono-sulphide ), and it is scarcely soluble in ammonic hydrate 
and carbonate. It is converted into stannic sulphide by a yel- 
low solution of ammonic sulphide (the poly-sulphide), and dis- 
solves readily when warmed with the solution. Stannous sul- 
phide is soluble in sodic hydrate. The sulphides of tin are 
precipitated from these solutions, when a dilute acid is added 
gradually, imtil the reaction becomes strongly acid. 

SODIC iind AMMONIC HYBRATES and CAR- 
BONATES precipitate stannous compounds as stannous 

HYDRATE, Sn(H0)2, white. 

Stannous hydrate dissolves in an excess of sodic hydrate, but 
it is insoluble in an excess of sodic carbonate and of ammonic 
hydrate and carbonate. ^ 

MERCURIC CHIiORIBE changes stannous chloride, 
SnClj, into stannic chloride, SnCU, and a white precipitate of 
MERCUROUS CHLORIDE, Hg2Cl2, is formed. No other metal in 
solution ^ves this reaction with mercuric compounds. 



STANNIC COMPOUNDS. S3 

STANNIC COMPOUNDS. 

SnCl4. 

SUIiPHYDRIC ACIB and AMMOIVIC SUIiPHIBE 

precipitate stahnic compounds as stannic sulphide, SnS2, light 
yellow. Stannic sulphide dissolves readily in amnionic sulphide, 
and in sodic hydrate, and is precipitated completely from the 
solution, when a dilute acid is added gradually until the reaction 
becomes strongly acid. Stannic sulphide is nearly insoluble in 
ammonic carbonate. 

SOBIC and AHIIHONIC HFBRATES and CAR- 
BONATES precipitate stannic compounds as stannic? hydrate, 
Sn(H0)t4, white. Easily soluble in sodic hydrate. 

REERCIIRIC CHIiORIBi: does not give a precipitate 
with stannic chloride. 

nUBTAliUG ZI]¥€ precipitates tin as crystalline metallic 

particles from stannic compounds in an acid solution, and thetin 

can be easily recognized by dissolving the metallic particles, after 

they have been washed by decantation. They are dissolved by 

heating them with a few drops of strong chlorhydric acid, and 

the stannous chloride thus obtained gives th'e precipitate, above 

described, with mercuric chloride. 

antimony. 
Sb. 

Metallic antimony is scarcely attacked by chlorhydric acid- 
It is oxydized when heated with moderately strong nitric acid to 
amtimonic acid, SbsOs, which is almost completely insoluble in 
nitric acid, but is readily soluble in hot concentrated chlorhydric 
acid. Aqua regia dissolves metallic antimony as antimonic 
chloride, SbCls. • " . 

UFATER precipitates solutions of antimony containing 
chlorhydric acid, particularly those of antimonious compounds, 
as a BASIC chloride. The precipitation can be prevented, or the 
precipitate dissolved by the addition of a sufficient quantity of 
acid; for this purpose tartaric acid is the most suitable. 
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METAIililC Zimrc partially precipitates metallic anti- 
mony from its acid solutions, and when a piece of platinum in 
^contact with a piece of zinc is introduced into solutions of anti- 
mony containing an excess of chlorhydric acid, metallic antimony 
is deposited upon the platinum as a dark-brown stain. No other 
tnetal produces the same stain under like circumstances, 

ANTIMOiaiTBETTEB HTirDROOEN. To obtain this 
body, follow exactly the directions given for obtaining arseniur- 
etted hydrogen. (See page 56.) 

The mirror obtained with antimoniuretted hydrogen consists 
of a bhuJf^ sooty y metallic deposit. It dissolves very diowly in 
hypochlorite of sodiiun. If the deposit is moistened wi&iyeUaw 
ammonic sulphide, an orange yellow stain appears on the spot^ 
when it is dried. These reactions are unimportant as tests for 
antimony, but a knowledge of them is necessaiy, in order that 
they may not be mistaken for evidences of the presence of ar- 
senic. 

BliOHrPIPi: BEACTIOmrS. Antimony compounds, 
mixed with sodic carbonate and potassic cyanide, are quickly 
reduced, at a comparatively low temperature, to metallic 
ANTIMONY, brittle shining grains. The metal is completdy 
volatilized by a strong heat. Metallic antimony, when heated 
on charcoal, bums with a white smoke, and gives an incmstation 
which is deposited at a great distance from the place heated, and 
is very volatile before the blowpipe flame. 

bXTDATION BT 80BIC NITBATB. When a sul- 
phide of antimony is oxydized by a mixture of sodic carbonate 
and nitrate, antimoniate of sodium, Na3Sb04, insduble in 

water, is formed. 

* 

ANTIMONIOUS COMPOUNDS, 

SbCls; KSbOC4H406, Tartar Emetic, 
9 

SUIiPHTBRIG AGIB and AMIIIOIVIG SUIiPHIBB 
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precipitate antimonious compounds, as antimonious sulphide, 
SbsSs, orange red. The precipitation should be made in a colcf 
solution containing tartaric acid and very little free chlorhydric 
acid. Antimonious sulphide dissolves in sodic hydrate and in 
anunonic sulphide, most readily vn yellow ammonic sulphide/itojJ 
is precipitated completely from these solutions^ wheh a cSItAi^ 
add is added gradually until the reaction becbrnes acid. !rt i^ 
is nearly insoluble in ammonic carbonate. Yellow ammonkf 

■ 

sulphide converts it into antimonic sulphide, Sbj^. (!J6lJ 
bdow.) "f ' 

SOBIC and AMMOIiriC HTBRATES and CAH-^ 
BONATES precipitate antimonious compoundsty as AM^RHONi- 

otfs OXIDE, Sb203, voluminous, white precipitate. The precijnta« 
tion only takes place after the lapse of a considerable time in sqIUt 
dons containing tartaric add. Antimoniou soxide is soluble in 
sodic hydrate. > 

ANTIMONIC COMPOUNDS. 

SbCU; SbzOs. 

SVIiPHlTDBIC ACIB and AMIHOIVIC SUIiPHIBB 

predpitate antimonic compounds in acid solution, as ANXiifONic 

SULPHIDE, 515285, orange red. The precipitation does not take 
place immediately ; but first an orange color appears ; ah() li % 
only after passing sulphuric acid for a long time thfou^'lbe 
solution, that all the antimonic sulphide is precipitated^ TIi^ 
predpitation should be made in a cold solution containing ^- 
taric add and very little free chlorhydric acid. Ahtithomc sii^ 
phide has the same properties as antimonious sulphid^. ' - ■ 

Antiirionic oxide, Sb205, plays the part of an acid with biaseS| 
and forms insoluble compounds with sbDiUM, ahd sbfuBlb 
compoimds with potassium. 

Compounds of antimony can best be recognized by the stain^ 
which they form on platinum, when the metal is piedptated .txy 
zinc from their solutions. (See page 54, Antimony.) ^ 
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ARSENIC. 

As. 

.' Metallic arsenic is readily oxydized to arsenious or to arsenic 
compounds by nitric acid and is dissolved. It is not dissolved 
by chloifaydric acid. - Metallic arsenic volatilizes at a heat below 
redness in a tube or on charcoal, and produces an odor like 
g^ulic^.very .characteristic of compounds of arsenic. The same 
odor is produced by heating a dry compound of arsenic on 
charcoal* 

ABSEiyiirBETTEB HTBBOOfiN. To olHain tills 
body^ and to use Marsh's test, provide a 4 oz. flask with a tight- 
fitting cork^ into which a funnel-tube and a small tube drawn off 
Co a point and bent at a right angle,* are introduced. Fill it 
two-thirds full of dilute sulphuric acid, and add several pieces of 
pure zinc. A brisk evolution of hydrogen only commences after a 
few minutes. When that point is reached, wait five minutes for the 
expulsion of the air contained in the flask (without this precaution 
there is danger of an explosion), and light the hydrogen issuing 
from the point of the bent tube. The opening of the point and 
the quantity of gas evolved should be such, that the hydrogen 
bums with a blunt flame, about ^ in. in length. Hold a bit of 
porcelain in the flame, in order to be certain that the reagents 
eoiployed are free from arsenic. (See below.) If this is the 
case, pour a litde of an acid liquid containing arsenic into the 
fonnel-tube, while the hydrogen flame continues lighted. The 
flame after a few moments becomes white, and leaves a black 
stain of metallic arsenic upon a coM porcelain object held in it, 
in the same way that the flame of a candle would leave. a depos- 
it of soot on a cold surface. Th6 arsenic stain or mirror is shin-' 



' ♦ In order to dry the gas, it is better to fit to the cork a chloride of caki- 
um tube» bent dovmwards, so that it will not tip the flask over by its weight, 
and to adapt to the chloride of calcium tube, by means of a cork, a suitable 
|et directed upwards. 
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ing black (not sooty blacky like antimony). It dissolves quickly in 
hypochlorite of sodium. When the stain is moistened with yel- 
low ammonic sulphide solution, and the spot is dried, it is bright 
yellow. 

REACTION iriTH THE AID OF HEAT. All dry 
compounds of arsenic, except, some compounds with the higher 
metals, when they are mixed with dry sodic carbonate and po-. 
tassic cyanide, and heated in a sealed tube, give a sublimate of 
metallic arsenic, which can be best recognized by breaking the 
sealed end of the tube after the formation of the sublimate, and 
by heating the sublimate quickly until it begins to volatilize, and 
by smelling of the upper end of the tube. A smell of garlic i$ 
proof of the presence of arsenic. 

ARSENIOUS COMPOUNDS. 

Arsenious acid is sparingly soluble in water. It dissolves 
more readily in sodic hydrate or carbonate, or in chlorhydric 
acid. 

SfJIiPHlTBRIC ACID and AMMONIC SIJIiPHIHE 

precipitate arsenious compounds from acid solutions as arseni- 
ous SULPHIDE, As2^j yellow, Arsenious sulphide dissolves very 
readily in. sodic hydrate and ammonic sulphide, and it also dis- 
solves, although less readily, in ammonic carbonate. It is pre- 
cipitated from these solutions, when a dilute acid is slowly added 
until the reaction becomes acid. 

SOBIC and AMMONIC HYDRATES and CAB-^ 
BONATEtS produce no precipitate in arsenious compounds. 

ARSENIC COMPOUNDS. 

AS205. 

"By heating any compound of arsenic with strong nitric acid, 
or by fusing a dry compound with a mixture of dry sodic car- 
bonate and nitrate in a porcelain crucible, arsenic acid, AsaO^^ 
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or arseniate of soda, Na3As04, is formed. These compounds 
are soluble in water. 

SVIiPHlTBRIC ACIB and AMMOiyiC SVUPBUDB 

do not immediately precipitate acid solutions of arsenic add 

TTie solution (which should contain free chlorhydric acid,) at 
first becomes yellow, when a current of sulphydric acid is passed 
through it, and finally z. yellow precipitate is formed; reducticm 
to the state of an arsenious compoimd takes place slowly, and at 
t|ie end of several days all the arsenic is precipitated as arseni- 
ous SULPHIDE, A&Siy yellow. 

See the properties of arsjenious sulphide above. 

ARGENTIC NITRATE produces no precipitate in add 
solutions of arsenic compounds. (When chlorhydric add is 
present a white precipitate of argentic chloride forms, and must 
usually, after the addition of an excess of argentic nitrate, be sep- 
arated by decantation and filtration.) If sodic hydrate is added 
to a dear solution containing arsenic acid, AS2O5, and contain- 
ing also an excess of argentic nitrate, imtU a permanent predpi- 
tate forms, and if then acetic acid is added until the reaction 
becomes acid, argentic arseniate, Ag3As04, brick red, is pre- 
dpitated. This precipitate is soluble in ammonic hydrate and 
in dilute nitric acid. 

This is the usual test for arsenic, 

GOLD. 
AUCI3. 

Metallic gold is insoluble in any single acid, but it dissolves 
readily in aqua regia. 

FERROIJS SUIiPHATE solution in considerable quanti- 
ty precipitates metallic gold, Km^ purplish-brown powder, from 
add solutions containing gold. 

STAIiriyOUS CHLiORIDE solution precipitates metallic 
GOLD, Au, purple flakes, very finely divided, from acid solutions 
containing gold. (A very dilute solution of stannous chloride 
should be added, drop by drop, to the gold solution.) 
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SVIiPHTBRIG A€IB gas slowly precipitates gold com- 
pounds in acid solutions as sulphide of gold, AU2S3, brown 
flakes, TTie precipitate is soluble after a long digestion with j^^/- 
law amnionic sulphide. 

BliOirPIPi: BEAGTION. Gold is easily separated 
from its compounds with non-metallic elements by heating them 
on charcoal. It can be recognized as bright yellow globules. 

Chid can easily be separated from the other metals and recog- 
nized by its precipitation with ferrous sulphate^ or by its insolubility 
in ar^ single acid. 



Mix together solutions containing tin, antimony and arsenic, 
dilute the solution and add a considerable quantity of dilute 
chlorhydric acid, i'ass sulphydric acid through the solution for 
an hour, and set it over night in a warm place. Filter the pre- 
cipitate, wash and dry it completely. It contains all the metals 
in the form of sulphides; separate them according to Part III 
(79), and the following tests. 



TESTS FOR ACIDS. 



GROUP I. 

ARSENIOUS, ARSENIC, CHROMIC, SULPHURIC, 
PHOSPHORIC, BORACIC, OXALIC, FLUORHY- 
DRIC, CARBONIC, AND SILICIC ACIDS. 

Acids which are frecipitated from neutral or slight^ 
alkaline solutions by baric chloride, 

SECTION I, 

Arsenious, Arsenic and Chromic Acids. 

Acids which are precipitated as sulphides or reduced to an oxide 

by sulphydric acid, 

Arsenious and arsenic acids are precipitated as sulphides, 
and must always be detected by sulphydric acid. 

Arsenic with this reagent plays the part of a metal. (See 

page 57-) 

chromic acid. 

HaCrO*; KaCr^O,. 

Solutions containing chromic acid have z. yellow color. Those 
which have an acid reaction are of a deeper color, and very con- 
centrated acid solutions are red. Solutions containing chromic 
acid can usually be recognized by these colors. Chromic acid 
can easily be reduced to chromic oxide (see page 36), by boil- 
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ing its solution with chlorhydric acid and alcohol, or by adding 
to the solution sulphydric acid or ammonic sulphide. Therefore, 
in all solutions to which these latter reagents have been added, 
chromic acid is changed to chromic oxide, and must be looked 
for among the metals. 

BARIC €HIjORII>£ precipitates chromic acid in neutral 
solutions, or in solutions of which the only free acid is acetic 
acid (/. €. solutions which have been made alkaline by sodic 
hydrate, and acid by acetic acid), as baric chromate, BaCr04, 
Bght yellow. Chromium may be discovered in the precipitate 
of baric chromate thus obtained, by dissolving some of it in the 
borax bead. The green color of chromic oxide appears, even 
though very little chromate of barium was contained in the 
precipitate. 

No other acid, which precipitates baric chloride, gives the same 
a>lor in the borax bead, 

SECTION li. 
Sulphuric and Sulphurous Acids. 

Acids which are precipitated by baric chloride' in acid solutions, 
either immediately, or after oxydation. 

BIi01irPIP£ REACTIONS. All compounds containing 
sulphur, when they are pulverized, moistened, and mixed with 
sodic carbonate, and when the mixture is heated on charcoal, 
form sodic sulphide. The sodic carbonate must be heated until . 
it soaks into the charcoal, then if the portion of the charcoal, 
which has absorbed it, is dug out with a knife, moistened with 
water and laid on a piece of bright silver, the presence of sul- 
phur may be detected by the appearance of a black stain of 
sulphide of silver. If no silver is at hand, the sodic sulphide 
<3an be extracted by soaking with water the portion of the char- 
coal which has been heated. The solution, after it has been 
flhered, and acidified with acetic acid, gives a precipitate of 
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SULPHIDE OF LEAD, PbS, biocky with a solution of ACETATE OF 
LEAD. 

For the separation of sulphuric and sulphurous acids, see Ihri 
HI, (119) and (120). 



SULPHURIC ACID. 

H2SO4; Na2S04. 

BARIC CHIiORIDE precipitates compounds of sulphuric 
acid in neutral or acid solutions as baric sulphate, BaSQ^n 
white powder. Baric sulphate is insoluble in chlorhydric, nitric^ 
sulphuric, and the weaker acids. No other acid gives a lik^ 
precipitate with BaCU in acid solutions. Compounds of lead 
AND stannic oxide are the only others precipitated by sulphuric 
acid, 

€ALi€I€ €IIIi6BIB£ m concentrated solutions gives a 
precipitate of calcic sulphate, CaS04, but calcic sulphate is 
soluble in 380 parts of water. 

sulphurous acid. . 
H2SO3; NajSOg. 

Sulphurous acid, in acid solutions, can be recognized by its 
$mell. Sulphurous acid is evolved firoi||its acid solutions, when 
they are heated. 

BARIC CHIiOBIBE precipitates compounds of sulphur 
rous acid in neutral solutions as baric sulphite, BaSOa, white 
powder. Baric sulphite is decomposed and dissolved by chlor- 
hydric and nitric acids, potassic dichromate oxydizes sul- 
phurous acid in a solution, made acid with chlorhydric acid, to 
sulphuric acid, 2(H2Cr04) + 3(H2S03) = Cr2(S04)3 + sHiO. 

StnLPHlTBRIC ACtB decomposes sulphtnous acid in add 
solutions with precipitation of sulphur. 

2HaS + H2SO3 = S3 +3H2O. 
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TH£ mOlV REDITCTIOIV TEST. Potassic ferri- 
CYANIDE AND FERRIC CHLORIDE, in consequcnce of the reduc- 
tion of the ferric chloride, give a blue precipitate when these so- 
lutions are mixed, and a drop of the mixture is held on the end 
of a glass rod in an atmosphere containing sulphurous acid. 
Sulphydric acid gives the same reaction, and when sulphydric 
acid is present it is necessary to add to the solution sufficient 
plumbic acetate to precipitate it, before applying this test for 
sulphurous acid. This reaction is produced equally well in a 
solution ; but there are many other reducing agents which act in 
the same maimer, but which do not take the gaseous form, and 
for this reason it is best to add chlorhydric acid to the solution, 
to warm it, and to test the gas evolved for sulphurous acid with 
potassic ferricyanide and ferric chloride. 

Sulphurous acid is usually recognized by its smell, or by the 
above test. ^ 

SECTION IIL 

Phosphoric, Boracic, Oxalic, and Fluorhydric Acids. 

Adds which are precipitated by baric chloride in neutral solutions^ 
but which are not precipitated in acid solutions. 

For the tests by which these acids can be most easily detected see 
JRirt III, {121^). 

* PHOSPHORIC ACID. 

H3PO4; Na2HP04. 

AIjL, THE METAIiS OF OROITPS U, lU, IV, T 

precipitate compounds of phosphoric acid in neutral or in slightly 
alkaline solutions as phosphates. The precipitate is soluble in 
acids. The phosphoric acid, cannot usually be separated from 
the metal by treating the precipitate with ammonic hydrate, and 
from most metals it can only be partially separated by a treat- 
ment with sodic hydrate or carbonate. Magnesic sulphate 
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solution, to which a solution of amnionic chloride, and of am- 
nionic hydrate is added, precipitates componnds of phosphoric 
acid as magnesic ammonic phosphate, MgNH4P04, white 
crystalline powder, soluble in acids but insoluble in ammonic 
hydrate. When the quantity of phosphoric acid is very small, 
the precipitate only forais after some time. This is the best reagent 
for phosplioric acid in neutral or slightly alkaline solutions. 

MOliTBBATi: OF Alf^lIONIUM * precipitates com- 
pounds of phosphoric acid in an acid solution as a yellow 
crystalline phospho-nwlybdate of ammonium. No other acid gives 
a like precipitate. The best reagent for phosphoric acid in acid 
solutions is molybdate of ammonium, when there are bases present 
which are precipitated by ammonic hydrate. 

Sulphydric acid and ferrocyanhydric acid also precipitate 
ammonic molybdate solution. (See part III, 123.) 

BORACIC ACID. 

H3BO3; NagB^O?, Borax. 

AI.1. THE METAIiS OF GROUPS II, HI, IT, T 

precipitate compounds of boracic acid in neutral or slightly 
alkaline solutions as borates. The precipitate is soluble in 
acids. 

The precipitation of boracic compounds by metals of diese 
groups is mostly incomplete, and the acid can be separated from 
the metal in almost all cases by trea||ng the precipitate with am- 
monia or with sodic hydrate, or carbonate." 

FliAME TEST. Boracic acid in dry compounds or in 
concentrated solutions imparts a beautiful green color to the flame 
of buming alcohol. 

In order to perform the test, mix the dry boracic acid com- 



* It is best to pour a few drops of the solution to be tested into the 
tmmonic molybdate solution instead of adding the ammonic molybdate to 
to Che solution to be tested. 
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pound with a few drops of strong sulphuric acid in a small 
evaporating dish, add alcohol, and set the alcohol on fire. Stir 
the contents of the dish constantiy during the combustion of 
the alcohol, and observe the green color ^ when the alcohol has 
mostly burned away. 

TURMERIC PAPER TEST.* Boracic acid compounds, 
when their solution has been rendered acid by chlorhydric acid, 
turn a piece of turmeric paper, which has been dipped in the • 
solution and completely dried, brownish red. This is the usual 
test for boracic acid, 

OXALIC ACID. 
H2C2O4; KHC2O4. 

AI.I. THiB METAI.S OF 6ROVPS II, III, IT, T 

precipitate salts of oxalic acid in neutral solutions as oxalates 
except chromic oxide compounds. The precipitate is soluble in 
acids and in the case of many metals the oxalic acid is removed fi-om 
the precipitate by ammonic hydrate and by sodic hydrate and 
carbonate. 

SIJIiPHATE OF CAIiCIlTJXE precipitates oxalic acid and 
its salts in a solution to which sufficient ammonic hydrate to 
render the solution strongly alkaline, and then sufficient acetic ^ 
acid to render the reaction acid, have been added, as calcic 
OXALATE, CaC204, white powder. No other acid, except fluor- 
hydric acid, produces a precipitate under tJiese circumstances, and 
calcic fluoride cannot easily be mistaken for calcic oxalate. (See 
fluorhydric acid, below,) 

SIJIiPHURIC ACID (concentrated) decomposes dry com- 
pounds, or highly concentrated solutions of compounds of oxalic 
add, with evolution of carbonic oxide and carbonic acid. 
Effervescence takes place. H2C2O4 = CO + CO2 + H2O. 



* If iron is present it is necessary to boil the solution with sodic 
carbonate in excess, to filter and to use the filtrate for the turmeric paper 
test. 

S 
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FLUORHYDRIC ACID, 

HF; CaF,; NH4F. 

Fluorhydric acid cannot be present in acid solutions in glass 
vessels. Barium and calcium salts in neutral solutions pre- 
c^itate fluorhydric acid as baric or calcic fluoride, BaFj or 
CaFj. Baric fluoride is a voluminous white precipitate. Calcic 
fluoride is a gelatinous transparent precipitate, whose formation 
it is very difficult to observe. 

It is usually unnecessary to test for fluorhydric acid except in 
solid substances, 

SUIiPIII7RI€ A€IB (concentrated) sets fluorhydric acid 
free firom its solid compounds, and the acid may be recognized 
by its property of etching glass. To perfonri the test, mix the 
ptdverized substance, containing fluorine, with strong sulphuric 
acid in a lead cup,* or in a platinum crucible. Prepare a piece of 
glass by melting wax on it and pouring off" all that does not 
adhere, leaving a thin coating of wax on the surface ; scratch 
lines in the wax, laying the surface of the glass bare; cover the 
vessel, containing the fluorine compoimd and sulphuric acid, with 
the glass, and warm gently. After 15 minutes warm the glass, 
and rub off the wax ; the surface exposed by the scratches witl 
be etched by the fluorhydric acid. 

Fluorhydric acid must always be removed^ if present, by heating^ 
with strong sulphuric acid, before the other acids of Group I, except 
sulphuric acid and carbonic acid, are tested for in a substance. 



* A lead cup may be made by hammering up the end of a piece of i 
/ inch lead pipe until it is entirely dosed, and by sawing off the pipe l}i 
inches from the end. Such a cup may be warmed on a sand-bath suffidenit- 
ly for making the test without danger of melting it. 



/ 
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SECTION JV. 
Carbonic Acid and Silicic Acid. 

Acids which are precipitated by baric chloride in neutral 
sdlutUniy but which are set free by acids ^ and which cannot be 
present in a solution that has been evaporated with an excess of 
an acid. 

CARBONIC ACID. 

CO2; NaaCOa. 

Carbonic acid can only be present in considerable quantity in a 
solution which has an alkaline reaction. 

Alil. THi: METAliS aF OROUPS H, HI, IV, T 

precipitate* alkaline carbonates. 

STCRT A€IB sets free carbonic acid, CO2, from its so- 
lutions. An effervescence or the formation of bubbles can be 
observed, when an acid is added to a solution of a salt of carbonic 
acid» 

Carbonic acid can easily be recognized by the white precipi- 
tate of carbonate op CALCIUM, CaCOa, which the gas produces 
in a drop of lime-water,* held in it on the end of a glass rod. 

SILICIC ACID. 

SiOa. 

Silicic acid combined with bases in a solution is set free by all 
adds, and often separates as a precipitate; frequently, however, 
it remains for months in a solution after an acid has been 
added. 



* The lime-water is soon destroyed by the absorption of carbonic acid 
from the air^ and before using it to test for carbonic add, the student should 
assure himself, that a drop of it gives a precipitate with the gas evolved 
from sodic carbonate, to which chlorhydric add has been added. 
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When silicic acid has been separated from its combination with 
a base by the addition of an acid, and the solution has been 
evaporated completely to dryness, the silicic acid remains per- 
fectly insoluble, when the dry mass is treated with wafer or acids 
to dissolve the bases.' This is the characteristic test for silicic 
acid. 

When silicic acid is present in a solution it is recognized and 
separated by the above process before any other tests are 
performed. 

Many solid compoimds of silicic acid are not acted upon by 
acids, and can only be brought into solution by the process 
described. Part III, XXIV. . 

The following properties of silicic acid m\jst be considered, in 
order to determine whether ^body, which has been left insoluble 
after a treatment with an acid, is silicic acid, oj: some other 
compound, which is likewise insoluble : — 

Silicic acid is precipitated from its solutions, by acids in the 
gelatinous form, or in the form of amorphous white flakes. 
Silicic acid, which has been dried, always has the latter form. 

Silicic acid, after it has been fused with four parts of a mix- 
ture of sodic carbonate and potassic carbonate, forms a glass, 
which is entirely soluble in water. When the solution thus 
obtained is evaporated with an excess of nitric acid, and the dry- 
mass' is treated with water, no metal should go into solution, 
which gives a precipitate with sodic carbonate. 



GROUP II. 

CHLORHYDRIC, CYANHYDRIC, FERROCYANHY- 
DRIC, FERRICYANHYDRIC, AND 
SULPHYDRIC ACIDS. , 

Acids which are not precipitated by baric chloride j but which are 
precipitated by argentic nitrate in nitric acid solution, 

SECTION I. 
Chlorhydric and Cyanhydric Acids. 

Acids which give with argentic nitrate a white, flocculent pre^ 
dpitcUe, insoluble in dilute nitric acid, and are not precipitated by 
salts of iron in acid solution, 

CHLORHYDRIC ACID. 

HCl; NaCl. 

PliVJIIBIC, MERCUROV8 and ARGENTIC SAI.TS 

are the only compounds which give, with chlorhydric acid, pre- 
cipitates insoluble in nitric acid. 

SIJIiPHIJRIC ACID (concentrated) sets free chlorhydric 
acid from its coiripounds. Chlorhydric acid gas precipitates a 
drop of argentic nitrate, held on the end of a glass rod in an at- 
mosphere containing it, as argentic chloride, AgCl, white 
flakes. Compounds containing cyanhydric, chloric and hyi^o- 
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chlorous acids, produce the same reaction. Chlorhydric acid 
gas does not bleach mdigo solution. (See, however, Part III, 
46). 

AROEHTTIC UTITRATE precipitates solutions containing 
chlorhydric acid as argentic chloride, AgCl, white flakes^ 
tmrang/ur^le on exposure to light, settling quickly after they have 
been shaken. Argentic chloride is soluble in amnionic hydrate, 
and completely insoluble in boiling nitric acid (concentrated). No 
other compound of silver except the ferro- and ferricyanide re- 
mains imdissolved after this treatment. When ferro- or fenicy- 
anhyric acid is present in a solution containing chlorhydric add, 
follow the direction^ given, VwA 111, (130) (a) before applying 
the argenic nitrate test. 

This is the usual test for chlorhydric acid. 

CYANHYDRIC ACID. 

HCy; KCy. 

The reactions of different classes of cyanhydric acid compounds 
must be considered Separately. 

SOIiVBIiE SIMPIiE CTANIDES. Cyanides of metals 
of Groups I, II, AND III are soluble in water. Cyanhydiic 
add is set free from their solutions by even the feeblest acids 
(acetiQ and carbonic). (Mercuric Cyanide is soluble in water, 
but is not decomposed by alkalies nor by adds, except by sul- 
phydric acid; a|id the tests described for cyanhydric acid cannot 
be applied to it. Sulphydric add precipitates mercuric sulphide, 
and sets cyanhydric acid free.) 

IN SOIiUBIiE SIMPIiE CTAIOBES. Cyanides of met- 
als of Groups IV and V, except mercuric cyanide, are insoki- 
ble in water, and the cyanides of metals of Group V are not de- 
composed, or are decomposed with great difficidty by adds. 
The insoluble cyanides dissolve readily in potassic cyanide, and 
the ordinary test for metals cannot be used with such solutions. 
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The cyanides can be precipitated from these solutions by the ad- 
dition of an ^id, with some exceptions, the two most remarkable 
of which are described separately. (See Ferro- and Ferricyan- 
hydric Acids.) 

fBEE €¥ANH¥PRI€ ACID can be recognized by its 
smdl, which is like that of bitter almonds. (The acid is very 
poisonotLs, and the fumes arising from a solution containing a 
considerable quantity of it should be inhaled with caution.) 

AROEIVTIC NITRATE precipitates soluble compouncfs 
of cyanhydric acid in an acid solution as argentic cyanide, 
AgCy, whiU flakes^ which do not settle so readily, when shaken, as 
argentic chloride, and which do not turn purple quickly in the 
Ught, Argentic cyanide is wholly decomposed and dissolved by 
boiling a few minutes with strong nitric acid. It is also decom- 
posed and cyanhydric acid goes into solution, when it is digested 
with dilute chlorhydric acid in contact with metallic zinc. 

PBUSSIAUT BI.IJ1B TEST. When a feebly, acid solu- 
tion containing cyanhydric acid is mixed with several drops of 
ferrous sulphate solution and with a drop of ferric chloride solu- 
tion, and sodic hydrate is added imtil a precipitate forms, and 
the mixture is warmed for a minute, and then acidified with di- 
lute chlorhydric acid, a blue precipitate, or more frequently a blue 
coloration appears, either immediately or after the addition of a 
drop of ferric chloride. 

When ferro- or ferricyanhydric acid or both acids are present 
(see the following sectiop), they must be removed from the solu- 
tion, before the prussian blue test can be applied. To this end 
add to a small quantity of the solution an equal bulk of dilute 
sulphuric acid, and dilute with a considerable quantity of water ; 
add ferric chloride or ferrous sulphate, or both together, accord- 
ing as ferro- or ferricyanhydric acid or both acids are present, 
and then add baric chloride imtil the bluejprecipitate appears of 
a much lighter shade; shake thoroughly, and allow the precipi- 
tate to settle for a few minutes, and filter. If only the'first few 
drops run through the filter blue, they should be thrown away 
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and the remainder of the filtrate taken. If no clear filtrate can 
be obtained, add to the filtrate a litde baric chloride and filter 
again. The filtrate is to be tested as above by the addition of 
sodic hydrate and, afterwards, of an acid for cyanhydric add. 
A sufficiently capacious flask must be chosen for the operation. 
The only object in adding baric chloride is to facilitate the filtra- 
tion firom the blue precipitate. 

Cyanhydric acid is the only acid which gives this reaction under 
these circumstances, 

SECTION IL . * 
Ferrocyanhydric and Ferricyanhydric Acids. 

Acids which give with argentic nitrate colored precipitates^ 
which are not wholly destroyed on boiling with strong nitric acid, 
and which are preapitated by ferrous or ferric salts, and by cu- 
pric salts in dilute acid solutions, 

FERROCYANHYDRIC ACID. 

H,(FeCy6);K4(FeCy6). 

FERROUS SUIiPHAT£ precipitates ferrocyanhydric 
acid compounds in acid solutions as potassic ferrous fer- 
ROCYANiDE, K2Fe(FeCy6), bluish white precipitate, which quick- 
ly turns dark blue through oxydation by the air. 

FERRIC CHIiORlBE precipitates ferrocyanhydric acid 
compounds in acid solution as Prussian blue, Fe4(FeCy6)3, deep 
blue. 

Ferrocyanhydric cuid is the only acid which gives this reaction, 

€UPRI€ SUIiPHATE precipitates ferrocyanhydric acid 
compounds in acid solution as cupric ferrocyanide, Cu2(Fe 
Cye) brownish-red p07vder. 

The metals are left as oxides, and the ferrocyanogen is dis- 
solved as sodic ferrocyanide, when these precipitates are digested 
with sodic hydrate. 
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* 

FERRICYANHYDRIC ACID. 

H6(FeaCyi3); K«(FeaCyi2). 

FERROUS SmLPHATE precipitates compounds of ferri- 
cyanhydric add, in acid solution, as Turnbull's blue, Fe3(Fej 
Cyu), de^ blue, 

Ferrkyanhydric acid is the only add iphich gives this reaction, . 

FSRRIC CHIiORIDi: does not precipitate compounds of 
ferricyanhydric acid in acid solution. The color of the solution 
is deepened. 

€1TPRI€ SUIiPHATE precipitates compoimds of ferricy- 
anhydric acid in acid solution as cupric ferricyanidk, yellow- 
ish-green powder. 

The metals are left as oxides, and the cyanogen is dissolved as 
sodic ferricyanide, when these precipitates are treated with sodic 
hydrate. 

SECTION III, 

SuLPHYDRic Acid. 

An acid which gives a black precipitate with salts of lead, silver, 
copper, and many others in an acid solution. 

No other acid gives a precipitate of the same color with these 
metals, 

SULPHYDRIC ACID. 

H^S; (NHOaS. 

SIJIiPHTBRIC ACID is set free from its solutions by all 
other acids except carbonic and cyanhydric acid, and it can be 
recognized by its smell. The sulphydric acid gas is given off 
with effervescence, when the solution is concentrated. 

TH£ METAIiS OF OROVPS I and II form with 
sulphydric acid soluble sulphides, which have an alkaline 
reaction. 
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TBUB nUSTAIiS OF OBOUP IT, when the add with 
which they are combined is neutralized, form with sulphydric 
add INSOLUBLE SULPHIDES, which, with the exception of the 
sulphide^ of cobalt and nickel, are dissolved by cold dilute 
chlorhydric acid, with evolution of sulphydric add. 

MCTAIiS OF OROVPS T ANB TI form with sulphy- 
dric add insoluble sulphides, which are not decomposed by 
dilute adds. (See also Mercury, page 45 and page 47.) 

JUBAP PAPER TEST. A piece of paper moistened 
with plumbic acetate, and hdd over a solution from wfai^ 
sulphydric acid is set free by the addition of a stronger add, li 
blackened. No other add gives this reaction^ 



GROUP III. 

NITRIC, CHLORIC, AND ACETIC ACIDS. 
Acids which arc not precipitated by any metals 

SECTION I. 

Nitric and Chloric Acids. 
Acids which deflagrate, when tested with the blowpipe on charcoaL 

NITRIC ACID. 

HNO3; NaNOa. 

NITRIC ACIDy when concentrated, is readily decomposed, 
when heated with copper turnings, and red fumes of nitric 
PEROXIDE, NO3, are given off. The reaction can be 'obtained 
with a moderately dilute solution, by adding to it concentrated 
sulphuric acid. No reaction is obtained with very dilute solu- 
tions. 

FERROUS SVIiPHATE TEST. Add a few drops of 
a solution containing nitric acid to concentrated sulphuric acid in 
a test tube, and pour upon this solution a layer of cold ferrous sul- 
phate solution. A brown or red color appears at the line of sep- 
aration of the two solutions, arising from the absorption of ni- 
trous gases by the ferrous sulphate. 

This is the characteristic test for nitric acid. 

CHLORIC ACID. 

KCIO3. 

SmLPltURIC ACID (concentrated). When a small quan- 
tity of a solid chlorate, or a very concentrated solution contsun- 
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ing a chloric acid compound, is added to strong sulphuric add, 
and heat is applied, a peculiar yellow gas (oxides of chlorine) is 
evolved, which has a characteristic suffocating odor, which pre- 
cipitates ARGENTIC CHLORIDE in a drop of an argentic nitjrate so- 
lution, and which bleaches a drop of an indigo solution, when 
these reagents are held on the end of a glass rod in an atmos- 
phere containing the gas. 

This is the characteristic test for chloric acid. 

HTPOCBJLOROIJS ACID gives the same reactions as 
chloric acid, but that acid is easily set free, and evolved from its 
solution by dilute sulphuric acid, while chloric acid is not, and 
moreover it is usually present only in alkaline solutions, 

CHIiORHlTDRIC ACID in the presence of an oxydizing 
agent gives a similar reaction, but the yellow gas evolved (chlor- 
ine) is much less intense in color, and has a different odor. It 
is, however, very difficult to distinguish between the reaction 
given by cklorine in such a case, and that given by chloric acid 
compounds. 

SECTION 11. 

Acetic Acid.. 
An acid which does fiot deflagrate on charcoal. 

ACETIC ACID. 

HC3H3O2; NaQHaO^ 

TH£ STRONG MOTEtrAIi ACIDS set acetic acid free 
from its combinations. 

Acetic acid can be recognized by the odor of vinegar pecul- 
iar to it. 

SIJIJPIIIJRIC ACID TEST. When an equal bulk of 
alcohol is added to strong sulphiuic acid, and a small quantity 
of a solution containing a compound of acetic acid is added, 
and the mixture is heated, a characteristic odor of acetic ether 
is given off. 
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In case gases are given off, which make it difficult to recognize 
the odor of acetic ether, it is advisable to provide the test tube 
in which the reaction is performed with a tube for distillation, * 
and to distil a small quantity of the alcohol into another test 
tube, to m,ix the distillate with water, to neutralize it with sodic 
carbonate, and to warm it ; the odor of acetic ether can then be 
recognized in the liquid which was distilled. 

This is the characteristic test for acetic acid, 

ARGENTIC and MERGUBOU.S NITRATES pre- 
cipitate concentrated neutral solutions of acetic acid compounds 

^aS ARGENTIC AND MERCUROUS ACETATES, AgC2H302 and Hgj 

(CsH302)2, white crystalline scales. The precipitates are solu- 
ble in dilute nitric acid, and also in a large quantity of water. 



* Bend a 3-16 inch tube of about l ioot in length at an angle of about 
80^, so that one arm shall only be i^ inches long. Fit a cork to the test 
tube, and insert the bent tube in a hole bored through the cork with a 
round file. 
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PRELIMINARY TESTS WITH NON-METALLIC 

SOLIDS. 

EXAMINATION IN A CLOSED TUBE. 

Use a piece of hard glass tubing ^ inch in diameter, closed 
at one end [see page 25 (^7)] for this examination. Introduce 
the substance, pulverized, or in small pieces^ into the tube, wipe 
the inside of the tube if necessary, with a bit of rolled filter-paper 
and heat the substance, gently at first, but eventually to the hi^- 
est temperature attainable with the flame of a Bunsen's lamp, or 
with the blowpipe flame. Observe carefully the changes which 
occur. 
NO €BLA.]VGIi. The substance contains no organic matter, 

(1) no readily fusible body, no readily volatile body, and no 
water. 

Pasi to the Examination on Char coaly (page 81). 
TITATIiR- Substances containing water (usually water of 

(2) crystallization) deposit dijilm of moisture in the upper 
part of the tube, when they are heated. If the water 
colors turmeric paper brown, ammonia is present 

OROANI€ MATTER. Substances containing organic mat- 

(3) Jer, blacken and give off gases when they are heated. 

Should the substance contain organic matter it must be 
burnt until the organic matter is completely destroyed* 



* In some special cases, as in examinations for mercury and arsenic, oUi* 
«r processes of analysis must be employed, for which larger works must be 
oonsulted. 
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by heating with the lamp or blowpipe, on platinum foil 
or on a bit of porcelain, or in a porcelain dish or crucible, 
before fujrUier analysis, commencing with the examina- 
tion oh charcoal (page 8i), is proceeded with, 

A GAS IS GIVEN OFF. 

OXTGElir* May be recognized by its property of rekindling 

(4) a glimmering match, held in the tube. 

Hyperoxides, nitrates and chlorates evolve 
oxygen. 

Nitrates and chlorates also deflagrate on charcoal. 
See (14.) 
SVUPHUIiOirS A€ID, SO2, can be recognized by its 

(5) smell. 

Some sulphates of higher metals, and many sul- 
phites, evolve siilphurous acid, when they are heated.t 
SirLPBnnDRI€ A€li>f H2S, can be recognized by its smell 

(6) and by its property of blackening lead paper. See (44). 

Some alkaline sulphides, containing water, evolve 
^ulphydric acid, when they are heated. 
GABBONIG A€lDf CO3, can be recognized by its property of 

(7) extinguishing a lighted or glimmering match held in the^ 

tube. See also (40). 

Some carbonates lose carbonic acid, when they are 
.^ ^ ,„ heated. 
HTPOHriTRIG A€ID NO3, appears as red fumes. 

(8) .NriRATES of the higher metals evolve hyponitric acid 
., > . V^«n they are heated. 

AHEMOMIAy NH3, can be recognized by its smell, and by its 



tManj sulphides of l^gher metals give oiff sulphur in the form of 
«^ y>f imim «dd» when they are roasted with access of air. The sul- 
jf^Hm^ finder pulyerized, maj be heated red-hot in a tube» open »t both 
ends, and held in* an inclined position to &vor the draught, and the sul- 
phurous add may be detected by its smell at the upper end of the tube. 
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(9) property of turning moist turmeric paper brown. Salts 
of anmionia, in the presence of alkalies, and some organ- 
ic substances, evolve ammonia, when they are heated. 
[Better tests for these bodies, with the exception of oxygen, 
are given in the following pages, since it is often difficult to 
observe the formation of a gas in a small tube ; the phenomena 
described above should, however, be looked for when substances 
are ];ieate(l in a closed tube.] 

A SUBLIMATE FORMS. 

An opinion may be formed of the volatility of the sublimate, 
according to the distance from the heated part of the tube, at 
which it is deposited. 
SUIiPHITR sublimes easily and solidifies in reddish-broztm 

(10) drops, which become yellow or yellowish-brown on 

cooling. 

Some METALLIC SULPHIDES givc off a portion of their 

sulphur, when they are heated. 

A]XKMONl€ SAIiTS form white sublimates. Touch the sub- 

(11) limate with a drop of sodic hydrate, or with a bit of 
paper moistened with sodic hydrate, and if the smell of 
ammonia is given off, it consists of an ammonic salt 

MIiR€irRY. Metallic mercury sublimes as a grey filmy 

(12) which augments to form globules when the quantity of 
mercury is large. , 

Mercuric sulphide, HgS, gives a blac\ sublimate, 
which becomes red, when it it rubbed. 

Mercurous chloride, Hg2Cl2, and Mercuric Chlq- 
RiDE, HgCls, give a white sublimate, which turns blacky 
when it is moistened with ammonic sulphide solution. 
ABSEIVI€. Metallic arsenic sublimes and deposits itself 

(13) as a brilliant black metallic ring in the tube. / 

Arsenious oxide, AS2O3, forms a white crystalline 
sublimate, which turns yellow, when it is moistened with 
sulphydric acid solution. 
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Arsenious Sulphide, AS3S3, forms a sublimate, which 
is reddish yellow when hot, and yellow when cold. It is 
somewhat less volatile than sulphur. 



RECAPITULATION (10) to (13) SUBLIMATES. 
The substance is heated in a closed tube. 

White sublimate — ammonic salts (U); mercuroiis xhloridc) 
HgaCb and mercuric chloride, HgCU (13); and' areeoious 
oxide, AsaOa (13). 

Yellow sublimate — ^sulphur (10); and arsenious sulphide, 
AsA (13). 

Brovtn sublimate (while hot) — sulphur (10). 

Rkdi:)ish-yellow sublimate (while hot) — ^arsenious sulphide, 

AS2S3(13). 

Gray metallic sublimate — ^mercury (12). 
Black sublimate — arsenic (13) ; and mercuric sulphide, HgS, 
red when rubbed (12). 



EXAMINATION ON CHARCOAL. 

Hollow out a small cavity in a piece of charcoal (seepage 24) 
(34), and heat a portion of the solid substance with the blow- 
pipe flame. 
UriTRATES and cmLORATES enter into a vivid com< 

(14) bustion, called deflagration, when they are heated on 
charcoaL 

POTASSIUIS and SODIITM SAINTS melt, and some of* 

(15) them are imbibed by the pores of the chajcoal when they 
are heated. 

GOHPOIJNDS OF THC BOBTAILS OF GROUP n and 
HI. AI4SO Zmc GOMPOUNDS and SII.ICIC 



82 PARI II L 

(16) AGID9 remain as a white infusible mass on the charcoal 
after heating. Frequently, when heat is first applied, they 
melt in their water of crystallization, and afterwards 
become solid. 

Aluminic oxide becomes blue, and zinc oxide 
becomes green^ when they are moistened with cobaltic 
nitrate, and heated in the oxydizing flame. 
8AI/TSOF THE METAI^S OF GROUPS IV aiid<»ir 

(17) leave a dark-colored residue, when they aie heated on 
charcoal. The o^des of these metals generally assume a 
darker color, when they are heated. Exceptions : Zinc 
and Mercury. 

SAIiTS OF AMMONIA and MERCURY, also €OM- 

(18) POUNDS OF ARSENIC and ANTIMONY, which 
do not contain another metal, volatilize completely , when 
they are heated on charcoal. 

CSOIiD and SII^YER COMPOUNDS, also OXIDES OF 

(19) liEAD and BISJ^UTH, give bright metallic globules 
when they are heated on charcoal. 

FUSION WITH SODIC CARBONATE. 

(30) When metals of groups IV, V, and VI appear to be 
present, (see 17) mix a small quantity of the pulverized 
substance with two or three times its bulk of sodic car- 
bonate in the palm of the hand, moisten with water, and 
form the mixture, by working it with a knife-blade, into a 
ball the size of a. pea. Place the ball in a cavity scooped 
out of a piece of charcoal, and heat with the inner blow- 
pipe flame, until almost all of the carbonate of soda has 
been imbibed by the charcoal. Many metals are reduced 
and appear as metallic globules in the cavity of the char- 
coal, and those which are volatile deposit an incrustation 
of their oxides on the charcoaL This incrustation is to 
be looked for at a greater or less distance from the cavity, 
according to the volatility of the metal, and always in the 
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direction in which the metallic vapors are blown by tne 
flame. 

The physical and chemical properties of the globules and 
the color of the incrustations afford means of recognizing 
several metals, usually, however, only when they are not 
associated with others. 

IROKT, COBAI.T, NIGKEIi, and MANGANESE COM- 
(21) POUNDS give neither globule nor incrustation. 

OOI.D, SIIiVJBB, and COPPER COIUPOUNDS give 

(32) mailable globules which can be distinguished by 

the respective colors of the metals. Tliey give no 

incrustation. 

ZHf C COMPOUNDS give no globules, but a white incrusta- 

(23) iion^ ZnO, near the spot heated. The incrustation is 
yellow while hot. It is not volatile in the oxydizing 

flame. It becomes green when it is moistened with 
nitrate of cObalt, and heated in the oxydizing flame. 

TIN COMPOUNDS give very ductile white globules, 

(24) The incrustation, Sn02, produced by tin compounds, is 
dirty yellow when hot, and lighter when cold. It is 
deposited in the immediate vicinity of the cavity, and it 
is very difficiilt to distinguish it from the ash of the 
charcoal. 

liE^D COMPOUNDS give very ductile globules, 

(26) The incrustation, PbO, is bright yellow when hot, and 

pale yellow when cold. It is deposited at a greater 

distance than SnO^ from the cavity. When the blowpipe 

flame is directed upon the incrustation of PbO, it vanishes 

and the flame is colored blue. 

BISMUTH COMPOUNDS give brittle globules. The in- 

(26) crustation, BigOa, is orange yellow when hot, and bright 

yellow when cold. It vanishes, when the blowpipe flame 

is directed upon it, but it does not impart a blue color to 

the flame. 
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ANTIMONY COMPOUNDS give brittle globules, but metallic 
(37) antimony is so volatile, that frequently these are driven 
oflf by the hftat required for their reduction. Sometimes 
fumes, arising from the vapor of antimony, are visible. The 
incrustation Sb203, is white. It is deposited at a greater 
distance than PbO from the cavity, and it can easily be 
driven from one place to another on the charcoal by the 
heat of the blowpipe flame. 

ARSENIC COMPOUNDS give no globules, but a character- 

(28) istic garlic odor. The incrustation, AS2O3, is whitty and it 
is still more volatile than Sb^Os. 

When the compound contains several metals, that can be 
reduced, they alloy with each other, and it is usually impossible 
to recognize the metals in the presence of each other by their 
physical properties ; also, the incrustation given by one metal 
frequently obsciures that given by another. 

If a sufficient quantity of the metal can be easily reduced, it 
is always advisable to treat it with solvents in the manner to be 
described under metals. (See page 96.) 
SUIiPHUR. The following mocUfication of the fusion with 

(29) carbonate of sodium on charcoal is a valuable test to 
discover sulphur in baric sulphate and in sulphides. If a 
piece of the charcoal, which has imbibed the soda, is 
moistened and laid on a silver coin, a black stain appears, 
if the coin is washed after a few minutes, in case siilp&ur 
is present The charcoal may also [be pulverized and 
treated with water, and if the solution, after being filtered, 
gives a black precipitate with plumbic acetate solution, 
sulphur is present 



RECAPITULATION OF THE EXAMINATION ON 

CHARCOAL. 

The substance is heated on charcoal, 
Defz^gration. — ^Nitrates and chlorates (14). 
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Fusion. — Potassium and sodium salts (15). 

White infusible residue. — Compounds of metals of groups 

II and III; zinc salts and silicic acid (16). 
Dark colored residue. — Compounds of metals of groups IV 

and V except zinc and mercury (17). 
Complete volatilization. — Ammonic and mercuric com- 

pounds, and compounds of arsenic and antimony, which contain 

no other metal (18). 
Bright metallic globules. — Silver and gold compounds, and 

the oxides of lead and bismuth (19). 

The substance is mixed with sodic carbonate and heated on 

charcoal. 

■ Metallic globules without incrustation. — Gold, silver, and 

copper (22) ; tin (24). 
Metallic globules and incrustation. — Lead (25) ; bismuth 

(26) ; antimony (27). 
Incrustation without globules. — ^Zinc (23). Garlic odor. 

Arsenic (28). 
Formation or sodic sulphide. — ^All compounds containing 

sulphur (29). 



PRELIMINARY TESTS WITH METALLIC BODIES. 
EXAMINATION IN A CLOSED TUBE. (See page 25 (37.) 
UDEBCITRT. Amalgams, containing mercury, give a subli- 

(30) mate of metallic mercury, when they are heated. At 
first a gray film forms in the upper part of the tube, and 
whea the amount of mercury is considerable, fine globules 
of metallic mercury are formed, which agglomerate and 
become more distinctly visible, when they are rubbed with 
a copper wire. 

ABS£]fIG. Some metallic compounds, containing arsenic, 

(31) give a metallic nwrror or ring in the upper part of the 
tube, when they are heated. 
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EXAMINATION ON CHARCOAL. 

• 

Heat a piece, half as large as a pea, of the metallic 

(32) substance in a cavity, on a piece of charcoal. See Part 

I, page 24 (34). The phenomena to be observed are the 

formation of the incrustations described (page 85 and ^€)^ 

the smell of arsenic, and the vapors of mercury and 

ANTIMONY. 

Copper colors the blowpipe flame green^ or in the 
presence of chlorine, blue. 

PRELIMINARY TESTS WITH NON-METALLIC 

SOLIDS (continued). 

TESTS WITH THE BORAX BEAD. 

If the substance to be tested appears to be the oxide, or -an 
oxygen-salt of a higher metal (see 17), dissolve some of it in the 
borax bead. 
€OBAIiT colors the bead blue in the oxydizing and in the 

(33) reducing flame. 

COPPER colors the bead green when hot, and blue when 

(34) cold, in the oxydizing flame. It colors the bead red^ 
when cold in the reducing flame. 

€HROMIir]fI colors the bead green in both flames. 

(36) 
IRON colors the bead brownish-red when hot, and yellow when 

(36) cold, in the oxydizing flame. 

mCIUBIi colors the \i^2A violet when hot, zxA pate-brown when 

(37) cold, in the oxydizing flame. The color disappears in a 
^w^ reducing flame. (See page 42.) 

MANGANIStSi: colors the bead amdhyst in the oxydizing 

(38) flame. The color disappears in a good reducmg flame. 

(39) The oxygen-combinations of the remaining metals 
color the bead very slightly or not at all. 



SULPHURIC ACID TEST. ^ 

CONCENTRATED SULPH1JRIC ACID TEST. 

Concentrated sulphuric acid, with the aid of heat, sets 
free other acids from most of their combinations with metals, and 
frequently in such a form, that they can be recognized by simple 
tests. This reaction is not, of course, a method of separation; 
one add may obscure the test for another, and the possible cases 
are so complicated, that it would be useless to attempt to des- 
cribe them all; therefore, if the result of the sulphuric acid test 
appears doubtful, it is best to reserve judgment of its value, until 
after the tests for acids in solution have been applied. 

The reactions of acids or their salts, when a small quantity of a 
solid substance or of a very concentrated solution is added to a 
few cubic centimetres of strong sulphuric acid in a test tube, are 
described below. Heat should be applied, after the reaction, 
which takes place at the ordinary temperature, has been ob- 
served. 

GARB01iri€ ACID. Effervescence. Carbonic acid gas ren- 

(40) ders turbid a drop of lime-water held on the ^nd of a 
glass rod in the test-tube (see piage 67, foot-note). 
Carbonic acid is also detected by the chlorhydric acid 
test, and in many cases that test is preferable to the one 
with sulphuric add, since oxalic acid does not give the 
same reaction with chlorhydric acid. See (68)* 

OXAIilC ACID- When a dry compoimd of oxalic acid is 

(41) added to strong sulphuric acid, and the mixture is heated, 
carbonic acid and carbonic oxide are evolved. 

The sulphate of calcium test for oxalic acid (121); is 
more accurate than that with sulphuric acid. 
CTANHITDRIG, F£RRO- and FERRICYAWHY- 
DRIG A€IDf§U Compoimds of these acids evolve, 
(41a) when perfectly dry, carbonic oxide with effervescence, 
when they are heated with strong sulphuric acid. Usudly, 
however, a faint odor of cyanhydric acid can be detected. 



ss 



PART III. 



The special tests are more valuable. See (69), and 
(137), (128), and (129.) 

JPX.UORIIYDBIC A€ID. When a solid substance or a 
(43) concentrated solution, containing fluorine, is heated with 
strong sulphuric acid, fluorhydric acid is evolved, which 
etches glass (see page (i(y) ; when silicic acid or a silicate 
. is present, fumes of fluoride of silicon, which give a pre- 
cipitate of silica in a drop of water held over them on the 
end of a glass rod, are evolved. 

If fluorhydric acid is discovered, the substance which 
is to be used for page 98, III, and the following tests 
must be heated with sulphuric acid in a platinum vessel 
until the fluorhydric acid is driven off" completely. 

A separate portion -can be used for testing for sulphuric 
acid. See (39). 

SlTIiPHYDRIC ACID. Compounds, containing this acid, 

(43) evolve it (often with effervescence), when strong sulphuric 
acid is added to them. Siilphydric acid may be recog- 
nized by its smell and by its property of blackening paper, 
dipped in plumbic acetate solutions. See (70) and 
(136). 

SVIiPinrROirS A€ID. Compounds, containing this acid, 

(44) evolve it with effervescence, when strong siilphuric aci^ 
is added to them. Sulphurous acid, when free from sul- 
phydric acid, and from some others, can be recognized by 
its smell. (See 71). 

CHIiORIC and HYPOCHIiOROVS ACIDS. (See 
(46) page 78.) Compounds containing these acids evolve a 
yellow gas on the addition of strong sulphuric acid, even 
when the mixture is not heated. The gas can best be 
recognized by its color, its odor and its strong bleaching 
action on a drop of indigo solution, held in the tube on 
the end of a glass rod. This gas precipftates nitrate of 
silver. ^ 
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CHIiORHYDRIG AC ID. Compounds containing chlorhy- 

(46) dric acid evolve the gas HCl, frequently with effervescence, 
on the addition of sulphuric acid. The gas does not 
bleach indigo solution, but precipitates nitrate of silver, 
held on the end of a glass rod in the tube. Chlorhydric 
acid, in the presence of an oxydizing agent, evolves chlo- 
rine under the same circumstances. The gas produces 
the same reactions as are produced by the gas evolved by 
chloric and hypbchlorous acids, but it can be distinguished 
from them by its smell and and by its color, which is a 
less intense yellow. For special test, see (136). 

RTITRIC ACID. Compounds, containing nitric acid in con- 

(47) siderable quantity, produce reddish fumes, when heated 
with sulphuric acid in the presence of copper tiunings or 
of any other reducing agent. The following test for 
nitric acid is more delicate : Mix a little of the powdered 
substance or solution with strong sulphuric acid, and pour 
cautiously upon the acid a solution of ferrous sulphate. 
A brown or red color at the line of separation of the two 
solutions indicates the presence of nitric acid, HNO3. 
See (130) (a) for this test in the presence of ferro- or 
ferricyanhydric acid. 

ACliTIC ACID gives with sulphuric acid an odor of vinegar. 

(48) The following test is more delicate : Add an equal vol- 
ume of .alcohol to strong sulphuric acid and then add the 
solid substance or concentrated solution, supposed to 
contain acetic acid, CsH^Oi. If this acid is present 
the odor of acetic ether will be perceptible on heating the 
mixture. It is well to add pure acetic acid at the same 
tune to a mixture of sulphuric acid and alcoholi in order 
to compare the odor produced with that observed in the 
test. If other gases render the odor of acetic ether 
difficult to perceive, the precautions described on page 77 
must be observed. 
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RECAPITULATION OF SULPHURIC ACID TEST 

A colorless gas is given off. 

The gas is without odor. — Carbonic acid (40); oxalic 

acid (41). 
A PUNGENT SUFFOCATING ODOR. — Fluorhydric acid (418) ; 

chlorhydric acid (46). 
An odor of bitter almonds. — Cyanhydric, Ferrocyanhydric 

and ferricyanhydric acids (41) (a). 
An odor of rotten eggs. — Sulphydric acid (43). 
An odor of burning sulphur. — Sulphurous acid (44). 
An odor of vinegar. — Acetic acid (48). 

A colored gas is given off. 

The gas has cUso a peculiar suffoccUing odor. 

Yellow gas. — Chloric and hypochlorous acids (46). 

Faint yellow gas. — Chlorine (46). 

Red fumes — . Nitric acid with copper (47). 
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METHODS OF DISSOLVING NON-METALLIC 

BODIES. 

Substances to be tested may be divided into three classes. 

1st CliASS : Bodies soluble in water. 

(49) To ascertain whether a body is entirely soluble, take a 
few grains of the substance, which, when it dissolves with 
difficulty, must be in as finely divided a condition as 
possible, and digest them with a considerable quantity of 
water in a test tube. If the substance does not dissolve 
completely, boil it for a few minutes with water. If it 
^till does not dissolve completely, filter and evaporate 
a few drops of the filtrate on platinum foil, in order to see 
whether anything has dissolved. 

If the substance is partly soluble in water, treat a con- 
siderable quantily in the manner directed above, repeat the 
boiling with water once or twice, wash thoroughly with 
water, and filter, taking care that as little as possible of 
the solid substance goes upon the filter, and use the 
insoluble portion for the following test. 

A separate analysis should usually be made of the part 
of a substance, which is soluble, and of that which is 
insoluble in water. 

If the substance is wholly insoluble in water, it may be 
used immediately for the following test. It should usually 
be finely pulverized. 
94 CI^ASS : Bodies insoluble in water, but soluble in chlor- 

(50) hydric acid or in nitric acid or m aqua regia. Digest a 
few grains, or a very small quantity of the finely powdered 
substance with dilute chlorhydric acid. If it does not 
entirely dissolve, boil it with the acid. If it still does not 
entirely dissolve, pour off the liquid, and boil the insolu- 
ble substance with strong chlorhydric acid. If the sub- 
stance is not wholly soluble in chlorhydric acid, repeat 



92 PARI II L 

the trial with nitric acid in the same way, using a fresh 
portion of the substance. If the substance is still insolu- 
ble, use a mixture of both acids (aqua regia). 

If sulphur^ which may be recognized By its color and its 
low specific gravity y or silicic acid, which may be recognized 
by its peculiar gelatinous aspect, separate out on the addition 
of chJorhydric or of nitric acids , the substance must be con- 
sidered as soluble y and after filtrcUion {in case of silicic add, 
see (60) the solution must be tested CLCCording to page 98 
[II T) or page loi ( VT) accordingly as nitric or chlorhydric 
acid has been the solvent. 

If the substance is only partially soluble after treatment 
as above, the insoluble portion must be washed carefully 
and separated by filtration from the soluble portion, and 
it must be subjected to the te^ts for the 3rd Class. See 
XXII. 
8d €1«ASS t Bodies insoluble in water and in chlorhydric, nitric 
(61) and nitro-chlorhydric acids (aqua regia). 

The tests to be applied to bodies of this class follow 
those in the scheme for testing bodies in solution. See 
XXII. 

METHODS OF DISSOLVING METALLIC 

BODIES. 

Metals are divided into three classes. 
l0t ClfASSt Metals which are not attacked by nitric acid. 

(52) 

If the metal does not appear to be entirely soluble in 

dilute nitric acid, even after boiling, use strong nitiic 

add. 

Gold is insoluble, also alloys contabing a very large 
proportion of gold. 
Ml CliASSt Metals which are attacked by nitric add, and 
(63) converted into oxides {white powder\ which arc insdable 
in the add. 
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Tin and antimony belong to Class II. 
3d CliASS : Metals which dissolve entirely in nitric acid. All 
(54) the remaining metals dissolve entirely in nitric acid. With 
. metals of this class the solution should be effected by 
heating with nitric acid in an evaporating dish, until no 
more red fumes are given off. The greater part of the 
acid should then be evaporated, and water should be 
added, and the solution should be tested according to 
(page 98, III). If the metal remains partly insoluble, a 
small portion of it should be carefully tested by boiling 
with strong nitric acid, to see whether it will not dissolve 
by using a sufficient quantity of the acid. 
(56) An alloy may contain metals of each class, therefore, 
after the treatment with nitric acid described in the last 
paragraph, if an insoluble residue is found it should be 
dissolved in aqua regia,{and the solution boiled, imtil the 
smell of chlorine ceases to be given off. Then if the resi- 
due had a metallic appearance the solution must be tested 
for gold. See (84). If it was a white powder it must be 
tested for tin and antimony. See (82) and (83). 

SOLUTION IN CHLORHYDRIC ACID. 

(56) Sometimes a test shows that the metallic body can be 

readily dissolved in chlorhydric acid, (see zinc, page 37 

and IRON, page 39,) and in this case the chlorhydric add 

solution should be preferred, and it should be tested 

• according to page 103, VI. 



TESTS FOR METALS AND 

ACIDS. 



BODIES IN SOLUTION. 

CLASSES I AND II. (See page 91). 

Substances dissolved in water or in acids, 

(The tests, I & II, which follow, are only to be used for sub- 
stances dissolved in water, or where the solvent is 
unknown.) 

I. REACTION WITH TEST PAPER. 

(57) Observe the reaction with litmus paper. 

(58), If the reaction is acid, add to a small portion of the solu- 
tion sodic carbonate drop by drop, until the effervescence 
ceases, and then hedt to boiling. 

If metals of the 2d, 3d, 4th, and 5th groups are present, 
a precipitate will be formed, except in a* few special 
cases. 

Some idea of the amount of free acid present in the 
solution, can be formed by observing the amount of sodic 
carbonate required to neutralize it. 

II. EVAPORATION. 

(59) Test one or two drops of the solution by evaporation on 
platinum foil (or on a bit of glass or porcelain, if there is 
danger of injury to the platinum), to see whether it leaves 
a residue. 

If this test shows the presence of solid matter in the 
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solution, a portion of the latter may be evaporated to dry- 
ness in a small porcelain dish, and some of the tests for 
solids, particularly the examination on charcoal (page 
8i), and the concentrated sulphuric acid test (page 
87), may be applied to the dry substance thus obtained. 
It is best only to use the evaporation and tests applied to 
the dry substance, to settle any doubts that remain in 
regard to the constitution of the solution, after the tests 
usually applied to solutions have been performed. (See 
page 100, &c.) 

When a solution of imknowh origin is presented for 
analysis, it should always be heated in order to see whether 
a gas is given off, that can be recognized by the tests 
(page 87, and page d>2>). 
SllilCIC ACID is usually not present, except in alkaline solu- 
(€0) tiohs ; it occurs, however, in small quantities in spring 
and river waters, and it may also exist in acid solu- 
tions. 

Unless silicic acid is known to be absent it should be 
tested for, and removed before making the remaining 
tests. To this end render the solution acid with chlor- 
hydric acid, and evaporate carefully to dryness in a small 
porcelain .dish. Care must be taken not to heat the dish 
over the lamp, after its contents have become dry. Treat 
the dry substance with a few drops of acid, and then boil 
with water. If there is an insoluble residue, it consists of 
silica, Si02. (See page 6^.) 

Subject the chlorhydric acid solution to the remaining 
tests, beginning with page loi, VI ; and if there is reason 
to suspect that the precipitate, left after the treatment 
with an acid, contains other substances besides silica, 
examine it according to page 98, IV. 



TESTS FOR METALS. 



The following scheme of testing for metals is founded upon 
the successive precipitation of a number of groups, which include 
all the metals as far as Group. II. After the metals of the 
higher groups have been removed by precipitation, or have been 
found to be absent, those of Group II are precipitated succes- 
sively. Sodium and potassium are detected by the colors of 
their flames in a solution, which has been freed from all the 
higher metals, except magnesium. Anmionia can be detected 
in a solution without having reference to its other constituents. 

After the separation into groups has taken place by precipita- 
tion with the general reagents, each precipitate, which may con- 
tain one or all the metals belonging to its group, is usually 
dissolved, and the further analysis is performed by testing in Ae 
several solutions for all the metals which they may contain. 
These special tests sometimes require the separation of the dif- 
ferent metals, one after another, in a' particular order, while 
sometimes a test for a metal may be applied to the solution 
without regard to the presence of other metals. In all cases the 
the conditions requisite for appljdng the tests will be described. 

The general tests must be applied in the following order: ist, 
Chlorhydric acid to effect the precipitation of silver and mercu- 
rous compounds, and of lead if it is present in large quantity. 
2nd, Sulphydric acid in an acid solution to precipitate small 
quantities of lead and tiie metals of Group V, Section II, and of 
Group VI. (From this precipitate the metals of Group VI are 
separated by dissolving them in ammonic sulphide). 3rd, Am- 
monic hydrate until the reaction becomes alkaline, ammonic 
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chloride and ammonic sulphide to precipitate the metals of 
Groups III and IV. 

Whenever a singlfe metal or a group of metals is precipitated, 
some of the liquid containing the precipitate must be poured on 
a filter, and the first* drops of the solution, which run through, 
must be tested with some of the reagent, which was used to pro- 
duce the precipitation, in order to ascertain whether it has been 
completely effected. Should a fresh precipitate make its appear- 
ance, every thing must be poured back from the filter into the test 
tube or flask and naore of the reagent must be added. This ope- 
ration must be repeated until no* precipitation is produced by the 
same reagent in the liquid which runs through the filter. After a 
little practice it is easy to estimate how much of a reagent is re- 
quired to effect a complete precipitation. A surplus over this 
quantity is called an excess of the reagent. 

When it has beeii found .that a slight excess of the reagent 
has been added, the whole of the liquid and the precipitate 
together must be poured upon the last filter and the liquid must 
be allowed to drain off. The liquid is to be tested for metals of 
the succeeding groups, and the precipitate must usually lie com- 
pletely freed from it; otherwise the separation has no value. 
To this end, water must be blown on the precipitate from the 
wash-bottle and allowed to drain off. Care must be taken not 
to let the water overflow the edge of the filter. The washing 
must be continued until the water, which flows through thefilteri 
is proved, either by evaporation on platinum foil or by the appli- 
cation of tests for the succeeding groups, not to contain any 
metal in solution. The last portions of the wash-water, which 
pass through the filter, may be thrown away, as they contain very 
little of the substances to be tested for. 

The value of analyses depends upon the care with which the 
separation of precipitates from the liquid in which they have been, 
formed, is executed. For special directions for filtering, see pages 
22 and 23, (29) and (30). 
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When the reaction of a liquid in a test-tube is to be tested^ 
always dose the tube and shake it thoroughly before dipping 
the test paper in. 
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III.— CHLORHYDRIC ACID TEST. 
Metals in <uid solution, 

QROUP v., SECTION I. 

In case the solution is kfiown to contain chlorhydric acid^ pass to 
page loi (VI). 

If the solution has an alkaline reaction^ pass to page 99 (IV). 
(61) Add to a very small quantity of the solution to be tested 
a few drops of dilute chlorhydric acid. If a precipitate 
forms, continue to add chlorhydric acid drop by drop, as 
long as it seems to increase in quantity, then add a quaA- 
tity of chlorhydric acid about equal to that already 
added. 

If no precipitate is formed^ or if it is dissolved on further 
addition of dilute chlorhydric acid lead in large quan- 
tity, SILVER, and MERCUROUS SALTS ARE ABSENT. FcLSS 

to page loi (VI). 
(63) If a permanent precipitate is formed, it may consist of 

PLUMBIC, ARGENTIC, AND MERCUROUS CHLORIDES. MoSt 

of the succeeding tests for the detection of bases must be 
performed in a solution freed from these metals. There- 
fore, if a precipitate has been observed, treat a considerable 
quantity of the solution, in the same way that the smaH 
portion was treated, and after an excess of dilorhydric 
acid has been added, shake the liquid for a minute or 
two. The precipitate will then settle in a short time, leav- 
ing the solution nearly clear. The solution should be 
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decanted through a filter, and the precipitate washed 
twice by decantation through the filter with water acidu- 
lated with chlorhydric acid. 

Test the filtrate according to page 10 1 (VI). 

IjE AD. Add a small quantity of water to the precipitate, and 

(63) boil, then let the precipitate settle, and decant the clear 
liquid through the same filter, which was used in (62) 
into another vessel. Add to the filtrate an equal bulk of 
alcohol and a small quantity of dilute sulphuric acid. If 
a white precipitate forms, it consists of sulphate of 
LEAD, PbS04. 

If lead is found, the precipitate must be washed as 
before, with boiling water by decantation, until the filtrate 
gives no black precipitate with ammonic sulphide. If no 
precipitate remains after the washings no argentic or mer- 
CUROUS SALTS are present. Pass to page 10 1 (VI). 
SIIjTIjR* If a precipitate remains, after washing with boiling 

(64) water, add to it ammonia, pour the solution through a 
filter, and acidify with nitric acid. If a precipitate forms, 
it consists of argentic chloride, AgCl. 

MERCUR01JS SAIiTS. If a precipitate remains, after 

(65) ammonia has been added, it will have a gray or black 
color. The precipitate consists of a mercurous com- 
pound OF AMMONIA. 

IV.— CHLORHYDRIC ACID TEST. 
Metals in alkaline solutions, 

(66) Add chlorhydric acid, until the reaction becomes 
distinctly acid, and if a precipitate forms, wash it 
thoroughly with cold water upon a filter, until the filtrate 
is no longer acid to test paper. Observe whether sulphy- 
dric acid is given off. 

If a precipitate is formed with chlorhydric acid, filter and 
test the filtrate according to page loi (VI). 
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(67) If no precipitate is fanned pass to page lol (VI). 

(a) If the precipitate is white, it may consist of: 
PliUHEBIC CHIiORIDE. Boil a little of it with water, and 

test one portion of the solution for lead according to (63), 
and test another portion for chlorine by adding nitiic 
acid and argentic nitrate ; 

PliVIfEBIC SUI.PHATE. Test according to (134) ; 

ARGENTIC CHLORIDE. Test according to (135). 

(b) If the precipitate is colored it may contain 

The SlJIiPHIDES of ARSENIC, ANTimONlT and TUT 
Test, according to page 103, VIII. 

SUIiPHUR may be precipitated, accompanied by a disengage- 
ment of sulphydric acid. The precipitated sulphur can 
be recognized by its appearance, and its insolubility in 
aqua regia. 

v.— CHLORHYDRIC ACID TEST FOR ACIDS. 

See also Silicic Acid (60). 

If a solution is acid, many of the following tests, par- 
ticularly (69), (70), and (71) can be applied, by simply 
heating the solution. 
CARBONIC ACID is only present in alkaline solutions. It 

(68) is evolved with effervescence, when an acid is added, 
until the solution has an acid reaction. Hold a drop of 
lime-water on the end of a glass rod in the tube ; if car- 
bonic ACID, CO2, is present, a white precipitate forms, 
(See page 67, foot-note.) The same test can be applied 
to solid carbonates. See also the sulphuric acid test 

(40). 

The fallowing acids need only be looked for wJien an 
odor can be perceived after heating the solution^ or after 
adding chlorhydric acid and heating, 
CTANHTDRIC ACID9 in its soluble combinations with 

(69) most metals, is set free by chlorhydric acid. It can be 
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recognized by its smell. Sec also the prussian blue 
test (127). 
SUIiPHTDRIC ACID is evolved from alkaline solutions 

(70) (often with effervescence), on the addition of chlorhydric 
acid, when the solution is heated. It can be recognized 
by its smell, and by the lead paper test. (See the sul- 
phiuicacid test (43) and the argeutic nitrate test. (125). 

SUIiPHIJROIJS ACID is evolved from -alkaline, neutral or 

(71) slightly acid soluti6ns, on the addition of chlorhydric 
acid. Mix a little potassic ferricyanide and ferric chlo- 
ride, and hold a drop of the mixture on the end of a glass 
rod in the tube, after chlorhydric acid has been added, 
and the tube heated. If a blue color appears, sulphu- 
rous ACID, SO2, is present. If sulphydric acid is present, 
add sufficient plumbic acetate to precipitate it, before per- 
forming the test. See the sulphuric acid test (44). 

VI. SULPHYDRIC ACID TEST. 
Metals in acid solutions, 

(72) Add sulphydric acid solution to a small quantity of the 
solution to be tested, and warm gently. In case metals 
of Group VI are to be tested for, it is better to pass sul- 
phydric acid gas into the dilute solution, made acid with 
chlorhydric acid. The total precipitation of the metals of 
Group VI is frequently only effected after one or two 
days. 

If no precipitate forms ^ no metals of Groups V and VI 
are present, /fejj/^ page 109, X. 

(73) If^ a precipitate forms, observe the color. • It may con- 
sist of the SULPHIDES OF LEAD, PbS ; BISMUTH, BigSs; 

COPPER, CuS ; MERCURY, HgS ; and gold, AU2S3, when 
it is black ; arsenic, AS2S3 ; tin (bisulphide), ShS2, 
yellow ; tin (monosulphide), SnS, brozvn ; antimony, 
SbjSa or SbjSs, orange. The presence of a black sulphide 
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hides the color of the other sulphides, so that all may be 
present when the precipitate is black. 

If only a light, fine, white precipitate , which is not 
destroyed by acids, is formed, it consists of sulphur, and 
is frequently due to the presence of a ferric salt in the 
solution. In case only sulphur is precipitated, pass to page 
io8, X. 

(74) If a precipitate forms in a small portion of the solution, 
a sufficient quantity for use in all the succeeding tests for 
metals must be treated with sulphydric acid until the 

* metals of Groups V and VI are completely precipitated 
as sulphides; and the precipitate thus obtained must be 
washed on a filter quickly, with warm water containing 
sulphydric acid, until the addition of ammonic hydrate to 
the filtrate ceases to produce a precipitate, and it must 
then be treated according to (75). 

Test the filtrate for metals of Groups IV, III, II and 
I. {See page io8, X, &c.) ^ 

VII. SOLUBILITY OF THE SULPHYDRIC ACID PRE- 
CIPITATE IN AMMONIC SULPHIDE. 

(75) Add ammonic sulphide to a small quantity of the precip- 
itated sulphides (73)» and warm gendy. 

If the precipitate dissolves entirely, it consists of the 
sulphides of metals of Group VL • Those of Group V 
are absent. Test the remainder of the precipitate accord^ 

ing to^{tS) {^). 

(76) If a p^ of the precipitate does not dissolve, add four 
or five parts of water, and separate the solution by filtra- 
tion fix)m the undissolved precipitate. 

The part of the precipitate which is insoluble in ammo^ 

nic sulphide, after being carefully washed, must be tested 

for sulphides of metals of Group V. {See page 105, IX.) 

(77) The ammonic sulphide solution, obtained in (76), may 
contain- metals of Group VL Add to it gradually dilute 
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chlorhydric acid, until the solution becomes acid, and 
observe the color and general appearance of the precip- 
itate which is produced. It is well to boil the liquid after 
the formation of a precipitate. 

If only a fine white precipitate forms y which remains a 
long time in suspension in the liquid, even after boilingy 
it consists of sulphur, and metals of Group VI are 
absent, and the tests described in VIII can be omitted. 

AJlocculent precipitate, or one that becomes so on boil- 
ings indicates the presence of metals of Group VI, and 
the color of the precipitate shows what metals predomin- 
ate. Pass to thefollozving tests : — 

VIII. SEPARATION OF METALS OF GROUP VI. 

(78) If the test p. 102, VII, has shown the presence of 
metals of Group VI, and if the precipitate with sulphy- 
dric acid (73) was not entirely soluble in ammonic sul- 
phide, the whole of that precipitate must be treated two 
or three times with ammonic sulphide, as directed (75), 
(76) and (77) ; and the sulphides of Group VI must be 
precipitated from the solution, and, after careful washing, 
must be dried at ioo°. 
(a) Were the sulphides, precipitated by sulphydric apid, 
wholly soluble in ammonic sulphide (see 75) it is suffi- 
cient to wash and dry the portion of the precipitate (73) 
which was not treated with ammonic sulphide, and to use 
it for (79).* . • 



*'By heating the dry precipitate in a glass tube, or with less accuracy, by 
heating it before it is dry, on a bit of glass or porcelain, an approximate test 
may be made (see 18) ; and in case arsenic sulphide alone is indicated by 
the complete volatility of the precipitate, this test is conclusive, and the 
remaining tests in the separation of metals o^ Group V may be omitted. 
The test has little value, except when the pure yellow color of the precipi- 
tate gives rise to the suspicion that only arsenic sulphide is present. 
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(79) Detach the precipitate (78) from the filter (or, if this 
is impossible, cut the portion of the filter, to which it 
adheres, in small pieces), and mix it by rubbing in a mor- 
tar with one part of sodic carbonate and one part of sodic 
nitrate. Fuse two parts of sodic nitrate in a small porce- 
lain crucible, but do not heat to the point at which 
decomposition with evolution of gas ensues. Transfer 
the mixture of the precipitated sulphides and the sodic 
carbonate and nitrate in small portions to the fused 
nitrate in the crucible ; immediat;p oxidation takes place, 
and as soon as the sulphides are burnt white, pour the 
fused mass out on a clean bit of porcelain, place it in a 
test tube, and digest it with a small quantity of cold water 
until it entirely dissolves, or until only a flocculent precip- 
itate remains insoluble. • 

(80) If a portion remains insoluble, it may contain tin, as 
STANNIC ACID, Sn02; and antimony, as antImoniate 
OF SODIUM, Na3Sb04. It should be filtered, and the 
filtrate preserved. The soluble portion may contain 

ARSENIC, as ARSENIATE OF SODIUM, Na3As04. The 

precipitate on the filter should be washed with a mixture 
of equal parts of water and alcohol, and the washings 
should be thrown away. 

ARSISNIC. To test the first filtrate (80), (or the solution, if 

(81) the fused mass was entirely soluble,) for arsenic, render a 
portion of it slightly acid with acetic acid, and add nitrate 
of silver. If a red precipitate forms, it consists of arse- 
NiATE OF SILVER, Ag3As04. Additional test : Another 
portion of the above mentioned solution may be used for 
Marshes test, with perfectly pure zinc and sulphuric acid 
(see page* 56), and if metallic flakes are found in the 
apparatus some time after the solution has been poured 
into it, they should be tested for tin by dissolving them 
in chlorhydric acid and adding mercuric chloride (see 
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83). (This precaution is necessary, because, if nitrate of 
soda is heated too strongly, caustic soda is formed, which 
dissolves stannic acid, Sn02; hence the tin may be 
found in the solution, and not in the insoluble part of the 
fused mass (79) ). 

ANTIMONY. Dissolve the portion of the fused mass (79) 

(83) which was insoluble in cold water, by pouring hot chlor- 

hydric acid on the filter ; dilute the solution with water, 

and place in it, in contact with e^ch other, a piece of 

pure zinc and a slip of platinum foil. 

If ANTIMONY is present, a hlack stain of the reduced 
metal quickly appears on the platinum. 

TIN. After allowing the action of the zinc, described in the 

(83) last paragraph, to continue for a few minutes, if metallic 
flakes are precipitated, wash them with water by decan- 
tation, and dissolve them in a very small quantity of hot 
concentrated chlorhydric acid. 'Dilute the solution, and 

. add to it a solution of mercuric chloride. If a white 

precipitate of mercurous chloride, Hg2Cl2, forms (fi:e- 

quently not till after the lapse of a few minutes), tin is 

present. 

OOIil>. (The analytical chemist usually knows whether it is 

(84) necessary to test for gold or not. In ordinary analyses 
its presence would be improbable.) When gold is pres- 
ent, it remains on the filter after the treatment with hot 
chlorhydric acid (described in 83). Pour upon the filter 
a mixture of nitric and chlorhydric acids. Evaporate the 
solution nearly to dryness, dilute with water, and add 
ferrous sulphate solution. The formation of a brown or 
purple precipitate of metallic gold, either immediately 
or after heating, indicates the presence of the metal. 

IX. SEPARATION OF METALS OF GROUP V. 

(SECTION II.) 

(85) If a portion or the whole of the precipitate obtained 
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with sulphydric acid is insoluble in amnionic sulphide 
(sed 76), free it by careful washing from the liquid in 
which it was formed, or from the ammonic sulphide 
which was used to dissolve the soluble portion, place it in 
a porcelain dish, pour upon it pure concentrated nitric 
acid, and heat it gendy, if red fumes are given off, until 
they cease. In any case, complete thie operation by 
adding a littie water, and boiling the contents of the dish 
for a few minutes. 

If no part of the precipitate^ or if only yellow particles 
of sulphur remain insoluble, mercury is absent. Pass to 

(87). 

In this test, when the liquid holding sulphur in suspen- 
sion is boiled, the sulphur m^lts, and may enclose particles 
of black sulphides, which then become very difficult to 
dissolve, and the appearance of the sulphur may, in such 
a case, lead to an erroneous conclusion that mercuric 
sulphide is present. It is for this reason that the precip- 
itate is oxydized with sttong nitric acid, as far as possible 
at a temperatiwe below its boiling point, before the sul- 
phides are finally boiled with a somewhat weaker acid* 
The same cause makes the confirmatory test for mercury 
with stannous chloride (86) necessary, when there 
appears to be an insoluble black sulphide. 

HEERCURY. If a black sulphide, HgS, remains insoluble 
(86) after the above treatment (85), a mercuric salt is 
probably present. Confirmatory test: Boil the black 
insoluble sulphide with chlorhydric acid and a little potas- 
sic chlorate in a porcelain dish, and evaporate until the 
greater part of the acid is volatilized; dilute with water 
(it is not necessary to filter), and add stannous chloride. 
A white precipitate of mercurous chloride, HgsCls, is 
formed, if mercury is present. 

If mercury is present, dilute a few drops of the nitric 
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acid solution of the sulphides (85) with water, and add 
sulphydric acid. If a d/ack precipitate is formed, other 
metals of Group V are present ; pass to (87) ; otherwise 
they are absent ; pass to page io8, X. 

liE AD* Add a few drops of strong sulphuric acid to a small 

(87) portion of the nitric acM solution of the sulphides (85), 
and evaporate until dense ^ white fumes of sulphuric acid 
appear, and dilute with a considerable quantity of water. 
If a white precipitate forms, it consists of sulphate of 
LEAD, PbS04. 

The test can be made more delicate by adding an equal 
bulk of alcohol to the solution after it has been diluted 
with water. If lead is discovered, treat the whole of the 
nitric acid solution of the sulphides in the same way; fil- 
ter, and use the filtrate for (88). 

BISmiTTH* Add ammonic hydrate to alkaline reaction, to 

(88) the nitric acid solution of the sulphides, or to the filtrate 
firom the lead precipitate, if lead was present. If bismuth 
is present, it is precipitated as the hydrate of bismuth^ 
Bi(H0)3, white. If bismuth is present filter, and use the 
filtrate for (89). 

COPPER* If copper is present, it is dissolved by the ammonic 

(89) hydrate, and imparts a blue color to the solution. 
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X.— AMMONIC SULPHIDE TEST. 

(90) To a small portion of the filtrate firom the precipitate 
produced by sulphydric acid, or to a portion of the. 
original solution, if no precipitate is produced in it by 
sulphydric acid, add sufficient amnionic hydrate (fi'ee firom 
carbonate) to make the reaction alkaline, and then, 
whether a precipitate is formed or not, add ammonic 
sulphide. If the solution contains no chlorhydric acid, it 
is necessary to add a small quantity before neutralizing 
with ammonic hydrate. 

If a black precipitate is formed, it may contain the 

SULPHIDES OF NICKEL, NiS j COBALT, CoSj IRON, FcS; 

MANGANESE, MnS ; and zinc, ZnS ; and the hydrates of 
ALUMINIUM, Al2(HO)6, and chromium, Cr2(HO)6. If the 
precipitate is white or flesh-colored, it can oiily consist of 
the sulphides of manganese and zinc, and the 
jyHH^^TES OF aluminium AND CHROMIUM. Iti this latter 
;^^-€!B»;ikit (92), (93), (94), and l^mf^ fs 

J^f^ precipitate is formed no members of Uroups III and 
■ JXf^e present. Pass to page 115, XII. 

(91) If a precipitate was formed in the above test, (90), 
treat a considerable quantity of the solution in the ^ame 
way, heat the liquid, filter as quickly as possible, and wash 
immediately with boiling water, until the filtrate has no 

^ longer an alkaline reaction. 

The filtrate must be tested according to page ff 5, XII. 
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- SULPHIDES JNSOLUBLE IN DILUTE CHLOR- 

HYDRIC ACID. 

93) Add to the precipitate (91) cold, dilute chlorhydric 
acid; if a black residue is insoluble, it consists of the 
SULPHIDE OF NICKEL OF COBALT. Filter and examine the 
residue on the filter according to (93) and (94). 

The filtrate must he tested according to (95). 

If the precipitate dissolves entirely^ or if only a white 
residue is left^ no nickel or cobalt are present. Pass to 

(95). 

OBAIiT* Dissolve a portion of the precipitate, which 

93) proved to be insoluble in cold, dilute chlorhydric acid, in 
the borax bead. Examine the color of the bead, after 
flattening it while hot between the stopper of a bottle and 
the bead of the blowpipe. If head the is blue^ cobalt is 
present. If the bead is brown^ nickbl is present in. large 
quantity. The bead is blue even when more nickel than 
cobalt is present. To test for traces of cobalt in a 
nickel-bead, shake the hot bead firom the wire, heat it two 
or three minutes on charcoal in a good reducing flame, 
remove it fi'om the charcoal, melt it on the platinum wire 
in the reducing flame, and flatten it as before. Even if 
only trcues of cobalt are present, the bead will be colored 
blue. 

I€K£Ii* When nickel is present and when it is nearly firee 

94) fi-om cobalt, it can be discovered by the hrpwn color, 
which it imparts to the borax-bead, and the test is 
conclusive. - ' 

To discover small quantities of nickel in the presence of 
considerable quantities of cobalt, dissolve a large portion 
of the precipitate, insoluble in cold, dilute chlorhydric 
acid (see 9!8), by heating a small quantity of dilute sul- 
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phuric acid,* adding to it a few drops of strong nitric 
add, and pouring the hot mixture on the precipitate ; 
dilute with a little water, add a little potassic feiricyanide, 
and then add to the liquid an equal bulk of ammonic 
hydrate, and finally add baric chloride,* until the color of 
the precipitate has beeome very much lighter. Allow the 
precipitate to settle for a few minutes, and filter. Add to 
the filtrate ammonic sulphide. If nickel is present, a 
black color or a black precipitate is formed. 

SULPHIDES, SOLUBLE IN DILUTE. CHLORHYDRIC 

ACID. 

(96) Boil in an evaporating dish the solution, which was 
obtained by the treatment of the ammonic sulphide pre- 
cipitate with cold, dilute chlorhydric acid (see 92), until 

« 

the smell of sulphydric acid has entirely disappeared, add 
a few drops of strong nitric acid, and boil a minute 
longer, and filter if a precipitate qf sulphur has formed. 

If oxalic y phosphoric^ and boracic acids are not known to 
be absent pass to page 112, XI. 
(96) Add sodic hydrate to the solution obtained in (95) un- 
til the reaction becomes very strongly alkaline, dilute with 
water and boil for a few minutes. 

If a precipitate forms immediately or after boiling, test 
it according to (97), &c.; it may contain the hydrates of 
IRON, Fe2(HO)6, MANGANESE, Mn(H0)2, and chromium, 
Cr2(HO)6. In this case filter and test the filtrate, which 
may contain zinc and aluminium, according to (lOO), 
(101.) 



* The only object of adding sulphuric acid and baric chloride is to form 
a precipitate of baric chloride in the solution, which carries down with it 
the very ligjit precipitate of cobaltic ferricyanide and renders the filtration 
easier. The addition of these may be omitted, and it is then usually neces- 
sary to reject the first portion of the filtrate and only to use that which 
comes through clear. 
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If no precipitate forms, pass to (100). The solution 
may contain zinc and aluminium. 

fBOIIf. Put a small quantity of the precipitate, (96) on a 

(97) watch-glass, dissolve it in a single drop of dilute chlorhy- 
dric acid, dilute with water, and add potassic sulphocy- 
anate. A red color indicates the presence of iron. 

MANGAIVESE* Fuse a little carbonate of soda in the loop of 

(98) a platinum wire, take up some of the precipitate, ob- 
tained in (96), on the bead thus formed, and heat it in 
the oxydizingflame of the blowpipe pr Bimsen's lamp. 
The appearance of a green color in the bead is proof of 
of the presence of manganese. 

CHROmruni* Fuse another portion of the precipitate, ob- 

(99) tained in (96), on platinum foil with sodic carbonate and 
sodic nitrate, boil the fused mass with a little water, either 
on the foil or in a small test-tube; if a precipitate is 
formed, filter through a very small filter, and acidify with 
aceti.c acid. The appearance of b. yellow color in the so- 
lution is proof of the presence of chromium. 

Acetate of lead may also be added to the solution, 
acidified with acetic acid, and it then takes a deeper j'^/- 
low color and becomes turbid, or z. yellow precipitate is 
formed if chromium is present. The formation of a white 
precipitate under these circumstances only indicates that 
the carbonate of sodium employed contained sulphateof 
sodium as an impurity. 

ZIWC. Add sulphydric acid to a portion of the solution in so- 
(100) die hydrate, obtained in (96), after it has been filtered, if 
a precipitate was formed. If a white fhcculent'^xtzY^xXzXjt 
forms, it consists of sulphide of zinc, ZnS. 

If chromium was discovered in (99), zinc may also 
be present in the precipitate, obtained in (96). There- 
fore, in that case, dissolve a portion of the precipitate, by 
boiling with a very little dilute chlorhydric acid, add so- 
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<iic hydrate until the reaction is alkaline, acidify with acetic 
acid and add sulphydric acid. A white flocculent^Ttci^i- 
tate consists of sulphide of zinc, ZnS. 
AliUMIIVIUM. Add to another portiod of the sodic hydrate 
(101) solution, obta,ined in (96), chlorhydric acid, until the re- 
action becomes acid, and then amnionic hydrate, until it 
becomes alkline, and boil. If a white flocculent precipi- 
tate forms, it consists of aluminic hydrate, Al2(HO)6. 
This precipitate is at first geilatinous, and it may easily es- 
cape notice ; it is therefore best to set the test-tube aside, 
and to wait a quarter of an hour for the precipitate to 
settle. 

XL— AMMONIC SULPHIDE TEST IN CASE PHOS- 
PHORIC, OXALIC AND BORACIC ACIDS ARE 
PRESENT. • 

If phosphoric, oxalic or boracic acid was present 
in the original solution, these acids together with the 
metals of Group II may be contained, wholly or in part, in 
the solution obtained in (95); for the acids would be 
precipitated with any of the metalS of Groups II, III and 
iV, during the treatment with ammonic hydrate and am- 
monic sulphide in (90), and the precipitates would be 
dissolved during the treatment with dilute chlorhydric 
acid in (93), and consequently the metals and acids 
might be contained in the solution (95). The section 
(95) must be tested for phosphoric, oxalic and boracic 
acids and freed from them before the ordinary course of 
analysis can be proceeded with.* 
PHOSPHORIC ACIB. Use the test (123) with a small 
portion of the solution obtained in (95). 

If phosphoric acid is present^ use (104) and the succeed-- 
ing tests. 

If phospJwric cuid is absent use (96) and the succeed" ' 
ing tests. 
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In either case first perform the operation described in the 
next paragraph, 
J(103) Before testing for oxalic and boracic acids it is ne- 
cessary to set them free from their combinations with the 
metals of Groups II, III, and IV. To effect this end add 
sodic carbonate to a small quantity of the solution 
obtained in (95) until the reaction becomes strongly 
alkaline and boil for a few minutes and filter. The 
metals are precipitated with the exception of a portion of 
the aluminium and the acids remain in the solution. 

[If no precipitate is formed with sodic carbonate it is 
imnecessary to test further for these metals or acids, as in 
that case they cannot be present in the solution (95) ]. 

OXAIilC ACID* Test a portiflll of the filtrate obtamed after 
boiling with sodic carbonate for oxalic acid according to 

{121)- 

BORACIC ACID* Test another portion of the same filtrate 
for boracic acid according to (124). 

If one or both these acids are founds the whole of the 
remainder of the solution obtained in (95) must be treated 
with sodic carbonate as in (102) and the precipitate thus 
obtained must be dissolved in dilute chlorhydric acid, Tlie 
solution must be used for (105) and the succeeding tests, if 
phosphoric cuid was discovered. 

If phosphoric acid is absent, tJie solution must be used for 
(96) ctnd the succeeding tests' 

AXmniNIinil. if. it was foimd necessary to treat the solution 
(103) obtained in (95) with sodic carbonate according to (102) 
the filtrate from, the precipitate produced by sodic carbon- 
ate may contain a portion of the aluminium, add to the 
filtrate in (102) chlorhydric acid until the reaction 
becomes acid, and then ammonic hydrate until the reation 
becomes alkaline. If a white, fiocculent precipitate forms, 
immediately, or after long standmg, it contains aluminium. 



METALS OF GROUP II. 

XII. DETECTION OF BARiyM, CALCIUM AND 

MAGNESIUM. 

(108) To a small portion of the solution, to which the previ- 
ous tests have been applied, or to a solution which has 
been found to contain no metals of the higher groups, udd 
ammonic hydrate until the reaction becomes alkaline, and 
then ammonic carbonate, and heat gently. (If the solu- 
tion does not already contain ammonic chloride, this also 
must be added, to pr^ent the precipitation of magnesium.) 

If a white precipitate forms, it can only consist of baric 
CARBONATE, BaCOs, and calcic carbonate, CaCOa. 

If no precipitate forms, barium and calcium are 
absent ; pass to (112). 

If a precipitate was formed with ammonic carbonate, 
the whole of the solution must be treated as described 
above. Filter, wash the precipitate, and test the^:filtrate 
according to (112). Dissolve the precipitate by pouring 
a very little dilute chlorhydric acid on the filter, and use 
the solution thus obtained for (109) — (111). 
BARIUin* To a small portion of the solution in chlorhydric 

(109) acid add a considerable quantity of calcic sulphate. If a 
precipitate forms, it consists of baric sulphate, BaSOi. 

(110) If barium is discovered by means of calcic sulphate, it 
must be completely precipitated by dilute sulphuric acid 
in the remainder of the solution, and the filtrate so 
obtained tested for calcium. Therefore, in case barium 

^ is present, add dilute sulphuric acid to the remainder of 
the solution, boil, filter, and use the filtrate' for (111). 
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IRON. Add a few drops of pptassic sulphocyanate to the solu- 

(104) tion obtained in (95) ; a red color indicates the presence 

of IRON. 

(105) . Add to the remainder of the solution obtained in (96), 
if phosphoric acid alone is present, or to the solution ob- 
tained in (102), if oxalic or boracic acid is likewise pres- 
ent, ferric chloride, until a few drops,treated with ammonic 
hydrate on a watch-glass, give a yellow and not a white 
precipitate ; dilute largely with water, render the solution 
alkaline with ammonic hydrate, and add a considerable 
excess ; then add acetic acid, imtil the solution has a slight 
acid reaction, and boil for a few minutes in a flask. 

The precipitate contains all the iron, aluminum, 
CHROMIUM and phosehoric acid present in the solution 
so treated. Test according to (106) and (107). 

The filtrate contains the manganese, zinc, and prob- 
ably part of the barium, calcium and magnesium, which 
^ "were present in the original solution. 

The operations described, page io8, X, and page 115, 
XII, must be repeated with this filtrate, omitting those 
which relate to the separation of nickel and cobalt, and 
the detection 5/* iron, chromium ««// aluminium. 

CHROHIITM. Test a portion of the precipitate obtained 

(106) in (105), for chromium according to (99). 
AliUHINIUlI. Boil the remainder of the precipitate obtained 

(107) in (105), with sodic hydrate, and test the solution for 
aluminium according to (101). 

(The method of pjgppitation'l:^ boiling the acetic acid 
solution used in (105)1 can*w tfli^d^^ all cases for. the 
separation of aluminium, chrordium OT^^on (ferric salts) 
from the metals of all other groi\ps, exce^Jjhe Groups V 
and VI, and it is preferable to any. other, but' it demands 
more skill in manipulation.) • ^ 
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METALS OF GROUP II. 

XII. DETECTION OF BARiyM, CALCIUM AND 

MAGNESIUM. 

(108) To a small portion of the solution, to which the previ- 
ous tests have been applied, or to a solution which has 
been found to contain no metals of the higher groups, mdd 
ammonic hydrate imtil the reaction becomes alkaline, and 
then ammonic carbonate, and heat gently. (If the solu- 
tion does not already contain ammonic chloride, this also 
must be added, to pr^ent the precipitation of magnesium.) 

If a white precipitate forms, it can only consist of baric 
CARBONATE, BaCOs, and calcic carbonate, CaCOa. 

If no precipitate forms, barium and calcium are 
absent ; pass to (112). 

If a precipitate was formed with ammonic carbonate, 
the whole of the solution must be treated as described 
above. Filter, wash the precipitate, and test the^filtrate 
according to (112). Dissolve the precipitate by pouring 
a very little dilute chlorhydric acid on the filter, and use 
the solution thus obtained for (109)— (111). 
BARIUM. To a small portion of the solution in chlorhydric 

(109) acid add a considerable quantity of calcic sulphate. If a 
precipitate forms, it consists of baric sulphate, BaSOi. 

(110) If barium is discovered by means of calcic sulphate, it 
must be completely precipitated by dilute sulphuric acid 
in the remainder of the solution, and the filtrate so 
obtained tested for calcium. Therefore, in case barium 

- is present, add dilute sulphuric acid to the remainder of 
the solution, boil, filter, and use the filtrate' for (111). 
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If no barium is present, use the remainder of the solu- 
tion obtained in (l08) for (111). 

€ AliCrulI. Render the solution alkaline by the addition of 

(111) amnionic hydrate, and add amnionic oxalate. If a white 

precipitate forms, it consists of calcic oxalate, CaCjOi* 

If calcium is present, add ammonic oxalate until a few 

drops of the liquid passed through a filter give no further 

precipitation zvith that reagent, filter, and use the filtrate 

for the magnesium test. 

If no calcium is present, use the solution to which 

ammonic oxalate was added, without filtering it, for the 

magnesium test, 

MaGIVIBSIITII* Add to the solution sodic phosphate. If a 

(113) white precipitate forms (frequently only after the lapse of 

• some minutes), it consists of the phosphate of magnesia 

AND AMMONIA, MgNH4P044 
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METALS OF GROUP /.. 

, XIII. DETECTION OF SODIUM, POTASSIUM AND 

AMMONIUM. 

Before testing for sodium and potassium, precipitate the metals 

of Groups V and VI which are present, with sulphydric acid, and 

precipitate those of Groups II, III and IV with a mixture of 

ammoniQ||arbonate and sulphide, and use the solution, teed 
from th(Bf metals, for the following tests (113) and (114). 

SOBIHI. Evaporate the solution to dryness, and drive off 

{llSlBraimonia salts, if aiiy are present, by heat. Sodium, if 

present, can be distinguished by the yellow color, which a 

small quantity of the solid residue held in the flame of a 

gas or alcohol lamp imparts to it. See page 25 (36). 

Frequently sodium can be detected in a solution with- 
out evaporation, by dipping a platinum wire in the solu- 
tion, and then holding it in the flame. 

POTASSIlTIfl can be recognized by the violet color which it 
-(114) imparts to the flame. The solid residue obtained in 
(113) can be tested for potassium in the same way that 
it is tested for sodium. 

If sodium is also present, its greater coloring power 
will obscure the potassium flame, but by looking through 
a piece of blue glass at the flame, the violet color can be 
dis^l^^ed even when sodium is present. (The color 
ssium flame is almost the same as that of the 
rire, while the sodium flame is much more blue, 
Itls not excluded entirely by the glass.) 
AHMOIirilTM. Add to a portion of the original solution a few 
(115) drops of sodic hydrate, and heat. 
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Ammonia can be recognized by its smell, or by holding 
a piece of moistened turmeric paper or red litmus paper 
at the mouth of the test tube, taking care not to let it 
touch the sides, which may be moistened with sodic 
hydrate. The turmeric paper will be turned brown, and 
the litmus paper blue, if ammonia is present 
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TESTS FOR ACIDS. 



It is usual to take a fresh quantity of the solution to test for 
acids, and generally the tests for metals precede those for acids, 
in order that information gained by the first series of experiments 
may point out the most convenient way of detecting the acids. 
Silicic acid, however, is always first precipitated from a solution 
as directed, page 95 (60), and the acids noticed under the 
chlorhydric acid test (page 100, V) are to be looked for while 
that test is applied to the detection of the metals. Phosphoric, 
oxalic and boracic acids interfere with the ordinary methods of 
testing for the metals of Groups II, III, and IV, and conse- 
quently these acids must be tested for as directed, page 112, XI, 
during the application of tlie tests for the metals of those 
groups. 

In all other cases, when the presence of any metals or acids in 
the solution interferes with the performance of the test for an acid, 
directions are given under the head of each acid for removing 
them. 

It is obvious that metals and acids, which precipitate each 
other, can not be present together in a solution, and that when 
certain metals have been found, the number of acids which 
it becomes necessary to look for is restricted within limits deter- 
mined by this consideration. Therefore the knowledge abready 
acquired of the composition of a solution must be brought to 
bear upon the problem of testing for acids. 

First, the reaction, which the solution gives with test-paper, 
must be considered, and then the tables IV and V must be con- 
sulted to ^certain what acids can exist in a solution, possessing 
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the observed reaction, together with the metals which have been 
discovered. 

For instance, if a solution contains lead^ and is neutral or nearly 
neutral, the only acids which can be present in it are acetic, 
chlorhydric, chloric and nitric. If the reaction is strongly acid 
the solution may contain all the acids except sulphuric, sulphy- 
dric, ferro- and ferricyanhydric. Moreover, the solution can not 
contain a large quantity of lead and chlorhydric acid at the same 
time, because the chloride of lead is only soluble in 135 parts of 
water. 



ACIDS OF GROUP I. 

ARSETVIOVS ANB ARSENIC ACIBS are always detected 

(116) by the sulphydric acid test, in searching for the metals. 
When these acids are discovered, they must always be 
precipitated by sulphydric acid, before testing further. ' 

CHROMIC ACID cannot be present in a solution to which 

(117) SULPHYDRIC ACID or AMMONic SULPHIDE has been added 

(see page 60). If chromic acid is present in a solution, 
it must be contamed in the precipitate obtained with ba- 
ric chloride (118), and can 6e detected by heating a 
small portion of the precipitate in the borax bead. If 
CHROMIC ACID, H2Cr04, is present, the bead will be col- 
ored green. Chromic acid can often be recognized by 
the yellow color which it imparts to solutions which con- 
tain it, and by the yellow precipitate, PbCr04, which is 
obtained by adding plumbic acetate to the neutral or 
slightly acid solution. 

XIV.— BARIC CHLORIDE TEST. 

Baric nitrate and nitric acid should be used instead of baric 
chloride and chlorhydric acid, when lead, silver or mercurous salts 
have been discovered in the solution. ■ 



BARIC CHLORIDE TEST. I2i 

ACIBS OF GROUP I. Put a piece of litmus paper in the 

(118) solution, and if the reaction is acid, add ammonic hydrate 
drop by drop, until it becomes slightly alkaline. If a 
precipitate is formed in consequence, add dilute chlorhy- 
dric acid only in sufficient quantity to dissolve it Add 
baric chloride, and if a precipitate forms, it indicates the 
presence of arsenious, arsenic, chromic, sulphuric, 

SULPHUROUS, OXALIC, FLUORHYDRIC, PHOSPHORIC, BO- 

racic, CARBONIC, AND SILICIC ACIDS. (Silicic add can- 
not be present after the operation, (60), has been per- 
formed). 

If these acids are absent^ pass to the argentic nitrate test 
(pagei23,'XVIlI). 

(The baric chloride test is of little value except when 
the substance is soluble in water with a neutral or slightly 
alkaline reaction, or in case the reaction is acid, when the 
metals of Groups II, III, IV, and V are absent. The 
following special tests are more accurate.) 

SlTliPHIJRIC ACID. Acidify (if the solution is not ahready 

(119) acid) with dilute chlorhydric acid, in considerable excess, 
and add baric chloride as long as a precipitate continues 
to form. (Use nitric acid and baric nitrate, if chlorhydric 
acid produces a precipitate.) If sulphuric acid is present, it 
is precipitated as baric sulphate, BaS04, fine white pow- 
der. The solution must not be heated, when it is intend- 
ed to use the filtrate for the next test. 

SITliPHUROUS ACID. To the filtrate firom the precipiute 

(120) produced by baric chloride, or to the acid solution to 
which baric chloride has been added without producing a 
precipitate, add potassic bichromate, and boil. If a pre- 
cipitate forms, it consists of baric sulphate, BaS04, 
produced by the oxydation of sulphurous acid, H2SO3, 
contained in the solution. Usually the chlorhydric acid 
test (71) is more convenient and sufficiently accurate. 
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XV.— CALCIC SULPHATE TEST. 

If the solution contains metals, which are precipitated by 
sulphydric or sulphuric adds, they must first be removed by 
adding a slight excess of those precipitants and filtering. 
OXAliIC ACIBy if the solution is alkaline, add acetic add 
(131) until the reaction becomes acid; if it is acid, add sodic 
hydrate until the reaction becomes alkaline, and then add 
acetic acid until it becomes acid, and test as below for 
oxalic acid If a precipitate forms and does not dissolve 
in the acetic acid, add to the original solution a considerable 
excess of sodic carbonate, boil, filter, add to the filtrate 
acetic add, until its reaction becomes acid, and test as 
follows for oxalic acid : Add calcic sulphate in conside- 
rable quantity. If a precipitate forms, it consists of 
CALCIC OXALATE, CaC204, whiU powcUr, Fluorhydric 
acid is the only other acid which precipitates calcic 
sulphate under these circumstances, and as the predpitate 
is almost transparent and gelatinous ^ it cannot easily be mis- 
taken for that produced by oxalic acid. 
FlilTORHYDRlC ACID can only be present in alkaline 
(133) solutions in glass vessels. If there is reason to suspect 
the presence of this acid, add calcic chloride and ammonic 
hydrate to the solution, and if a precipitate forms, collect 
it on a filter, and examine it for fluorine according to 
^ (43). 

XVI.— AMMONIC MOLYBDATE TEST. 

PHOSPHORIC ACID* Make the solution strongly acid (if 

(133) it is not so already) with nitric acid, and add a small 

portion of it to a considerable quantity of ammonic 

molybdate solution.* If phosphoric acid is present, 

PHOSPHO-MOLYBDATE OF AMMONIUM, yelloWy Crystalline 

* See foot-note, page 64. 
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fowder^ is precipitated. If the quantity of phosphoric 
add in the solution is very small, the precipitate does not 
form imtil after several hours. 

If sulphydric acid is present, it is necessary to heat the 
add solution until it is • expelled, before performing the 
test See (1301 a) for this test in the presence of ferro- 
or ferricyanhydiTC add. 

XVIL— TURMERIC-PAPER TEST. 

BORACIC ACIB.* Strongly acidify the solution (if it is not 
(134) already acid) with dilute chlorhydric acid, dip a piece of 
turmeric paper in it, and dry the paper, by holding it over 
tl^e lamp flame, without charring it. If a red oxbrawmsh 
red stain appears upon the paper, when it is dry, it is due 
to the presence of boracic acid, H3BO3. 
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XVIII.— ARGENTIC NITRATE TEST. 

Acidify with nitric acid, if the solution is not already . 
add, and add argentic nitrate. 

SVliPHYBBIC ACIB* If a dhek precipitate is formed^ 

(125) it must contain argentic sulphide, Ag2S, showing that 

sulphydric add was present in the solution. The predpi- 

tate may also contam argentic chloride, cyanide^ 

•FERRO- and ferricyanide. 

If a predpitate is formed which is not l/dckf it can only 
be due to presence of chlorhydric and cyanhydric> 
ferrocyanhydric, and fe^rricyanhydric acids. 

If no precipitate is farmed^ none 0/ the above acids are present. 
Pass to (131). 

* See foot-note, page 65. 
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CHnLORHTBRIC ACID (see also (46) . Acidify strongly 

(136) with concentrated nitric acid, add argentic nitrate in 
excess, shake thoroughly if a precipitate forms, and allow 
it to settle, decant the liquid, and pour on the precipi- 
tate strong nitric acid, and boil for five minutes; if a 
precipitate remains undissolved^ consists of argentic 

CHLORIDE, AgCl. 

See (130) (a) for this test in the presence of ferro- or 
ferricyanhydric acid, 

XIX.— PRUSSIAN BLUE TEST FOR CYANHYDRIC 

ACID. 

ClpAIVHirDRlC ACIB. Add to the solution ferrous sulphate 

(137) and a few drops of ferric chloride, add sodic hydrate 
imtil a precipitate forms (unless the solution is alkaline 
and a precipitate forms without the addition of sodic 
hydrate), warm for a minute and add dilute chlorhydric 
acid, imtil the reaction becomes acid. The appearance 
of a bliie precipitate or a blue color in the solution is evi- 
dence of the presence of cyanhydric acid. 

See (13.0) (}^)for this test in the presence of ferro- or 
ferricyanhydric acid, 

XX.— FERRIC CHLORIDE TEST. 

FERROCYABTHYBRIC ACIB. Add a little ferric chlo- 

(138) ride to the acid solution. If ferrocyanhydric acid is 
present, a precipitate of Prussian blue, Fe4(FeCy6)3, 
deep blucy is formed. 

XXL— FERROUS SULPHATE TEST. 

FERRICITAIirHirDRlC ACID. Add a little ferrous sul- 
(1189) phate to the acid solution. If ferricyanhydric acid is 

present, a precipitate of turnbull's blue, Fes (FcaCyu), 

deep blue, is formed. 
(130) If ferro- or ferricyanhydric acid is present, before per 
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(a) forming the tests for phosphoric acid (123), and chlor- 
HYDRic ACID (126), the foUowing steps must be taken : 
Add dilute sulphuric acid, dilute with water if the solu- 
tion is not dilute, add cupric sulphate, and finally add 
enough baric nitrate* to render the precipitate of a 
decidedly lighter color; heat almost to boiling, allow the 
precipitate to settle for a few minutes, filter, and use the 
filtrate for the tests (123) and (126). In case the test 
(47) for nitric acid is to be used take the same prelimi- 
nary steps but using baric chloride in place of baric 
nitrate. 
(130) If ferro- or ferricyanhydric acid is present, the test for 

(>>) cyanhydric acid (127) is to be modified in the follow- 
manner : Dilute with water if the splution is not dilute, 
add dilute sulphuric add, then add, according as feiro- or 
ferricyanhydric acid is present, ferric chloride or ferrous 
sulphate, or both^ in sufficient quantity to precipitate the 
ferro- or ferricyanhydric acid or both acids ; finaMy, add 
baric chloride* imtil the color of the precipitate has 
become decidedly lighter; shake thoroughly, allow the 
precipitate to settle for a few minutes, and filter. Add to 
a portion of the filtrate sodic hydrate imtil a precipitate 
forms, warm gently, and add dilute chlorhydric acid imtil 
the solution becomes acid. The appearance of a blue 
precipitate, or of a hlut color ^ is evidence of the presence 

of CYANHYDRIC ACID. 



* Sulphuric acid and baric nitrate or chloride are only added in order to 
produce a heavy precipitate of baric sulphate, which carries down with it 
the . lighter particles of the other precipitates, and renders the filtration 
easier. 
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ACIDS OF GROUP III. 

ACIDS WHICH ARE PRECIPITATED BY NO 

METALS. 

CHIiORIC ACID. See sulphuric acid test (45). 

(131) 
JflTRIC A€ID« See sulphuric acid test (47). 

(132) 

ACETIC ACID. See sulphuric acid test (48). 
(133) 



CLASS III. 

SUBSTANCES WHICH ARE INSOLUBLE IN 

WATER AND IN ACIDS. 

(See page 91.) 

XXII. — ^The only substances which are insoluble after the 
treatment described, on page 91, are the following : 

PL.VMBIC SVL.PHAT£ (not absolutely insoluble in acids). 

ARGENTIC CHL.OR1DS (slightly soluble in chlorhydric 
acid). 

SUL.PIIIIR. 

CARBON. 

BARIC SUL.PHATE, SILICIC ACIB and many SIL- 
ICATES, and some OXIDES. 

XXIII.— SOLUTION IN AMMONIC ACETATE AND 

POTASSIC CYANIDE. 

PLUMBIC SULPHATE. Boil a portion of the substance 

(134) with amnionic acetate, and test the solution (after filtra- 
tion, if necessary) with amnionic sulphide. If lead is 
present, a black color or a black precipitate is formed. 

Test the solution also for sulphuric acid, according 

to (119). 

If lead is discovered, repeat the treatment with am- 
monic acetate, until no more lead is dissolved. 
ARGENTIC CHLORIDE. Digest a portion of the sub- 

(135) stance, firee from plumbic sulphate, with potassic cy- 
anide, warm, (unless it blackens by warming), and test 
the solution (after filtration, if necessary) with ammonic 
sulphide. A black precipitate indicates the presence of 
SILVER. If a black precipitate forms, wash it, dissolve it 
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in strpng nitric acid, and test with chlorhydric, acid 
accordmg to (64) in order to confirm the presence of 

SILVER. 

If silver is present, repeat the treatment with potassic 
. cyanide until no more silver is dissolved. 
SUliFHlTR. Test the substance, firee firom plumbic sulphate 

(136) arid argentic chloride, for sulphur, according to (10) If 
the substance is moist, it must be carefully dried by heat- 
ing it in a porcelain dish over a water-bath before apply-^ 
ing thef test 

If sulphur is present, heat the substance in a covered 
porcelain crucible, until the sulphur is completely volatile 
ized. 
CARBON. If the substance has a black or gray color which it 

(137) loses, when it is heated with the blow pipe on platinum: 
foil, carbon in some form is probably present. If carbon 
is .present the substance, firee firom plumbic sulphate,, 
argentic chloride and sulphur, should be burnt, until as 
much as possible of the carbon is destroyed, by heating it 
red-hot on platinum foil or in a porcelain crucible. 

XXIV.— FUSION WITH POTASSIC AND SODIC 
CARBONATES AND SODIC NITRATE. 

BARIC SUL.PHATE:, SILICIC ACIB, and manr 

(138) SI1.ICATES, and some OXIBES. Mix the finely 
(a) powdered substance, firee firom plumbic sulphate, argentic. 

chloride and sulphur, and as nearly firee firom carbon as; 
possible, with two parts of potassic carbonate, two parts 
of sodic carbonate and one part of sodic nitrate; ♦ bring 
as much of the mixture as can be heated at once on the 

* The sodic nitrate is added in order to destroy carbon or other reduc- 
ing substances. If the substance to be analyzed appears to contain much, 
carbon, increase the quantity of sodic nitrate. If the substance contains, 
no carbon, the use of sodic nitrate is usually unnecessary. 
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platinum foil, and heat the under side of the foil >vith a 
blast-lamp until the whole mass is in a state of quiet 
fusion. Repeat this operation two or three times, if much 
substance is required for the analysis, 
(b) Detach the fused mass from the platinum foil each 
time, by plunging the foil, while it is hot, in distilled 
water. Boil the product of fusion with water, and if it 
does not dissolve completely, filter, and wash the precipi- 
tate on the filter with distilled water,rejecting the washings. 
Continue the washings, until baric chloride ceases to pro- 
duce a precipitate in the water, which runs through the 

filter. 

(139) The first filtrate may contain arsenic acid, see (116), 

(its occurence is rare) ; chromic AciD,^ee (117) ; sul- 
phuric ACID, (119), (the tests, referred to above, may 
be applied successively to a single portion of the filtrate); 
FLUORHYDRic ACID (its occurrence is rare), see (133 
and (43); and phosphoric acid, (133). The two 
last tests may be applied successively to another portion 
of the filtrate. No compound of these acids except 
BARIC SULPHATE is by itself insoluble, but insoluble sub- 
stances sometimes contain small quantities of the acids. 
Calcic fluoride is only decomposed completely by the 
treatment with sulphuric acid described in (43). 

IlilCIC ACID. The principal portion of the filtrate should 

(140) be tested according to (60) for silicic acid. Afler 
separation of silica, the only metals, * that can be present 
in the chlorhydric acid solution, are lead, aluminium 
and ZINC. Test for lead by adding an excess of dilute 
sulphuric acid and alcohol to the solution. If a precipi- 



* It is evident that sodium and potassium in insoluble silicates cannot be 
detected by this process. All reliable methods for their detectiop require 
the use of platinum vessles and great care in manipulation. Larger works 
on analysis must be consulted for such methods. 
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tate of PLUxMBic SULPHATE forms, filter. Test for alu- 
MiMiUM, in the solution, tree fi-om lead, by adding 
amnionic hydrate in excess. If a precipitate of alumnic 
HYDRATE forms, filter. Test for zinc in the solution, fi-ee 
fi^om lead and aluminium, ,by adding to the solution con- 
taining ammonic hydrate in excess, ammonic sulphide. 
A flocculent white precipitate consists of sulphide of 

ZINC. 

(141) If a portion remains insoluble aftft: boiling the fiised 
mass with water ( 38), (b), dissolve it in chlorhydric 
acid. (If much silica was discovered (see ( 40), it is best 
to evaporate the chlorhydric acid solution to dr)aiess, and 
to proceed as directed in (60). 

Test far metals in the chlorhydric acid solutiotfaccording 
to page loi, VI, &c. 



REMARKS. 



The tables, I, II and III, contain a synopsis of the course of 
analysis of bodies in solution, given in Part III, and they are 
intended as an index to the methods which are there described in 
detail. They may also serve as guides in analytical work, to 
students who have made themselves acquainted with the detailed 
descriptions of Part III. 

A skeleton form, similar to that of the tables, should be filled 
out with the results of an analysis, and the reactions which occur 
on the application of each test should be noted. 

The sign — ^ — placed under the formula of a compound 
indicates that it is formed as a precipitate during a reaction. 
This sign is used in the following tables, and it will also be found 
convenient in noting the results of analyses. 

The tables IV and V are intended to indicate the degree of 
solubility in water, and in many cases in alcohol, acids and alka- 
lies, of the combinations of the metals and acids, mentioned m 
Part II. 

The properties of a salt are described in the square formed by 
the intersection of the column devoted to an acid with that 
devoted to a metal. 

The roman numerals, standing after the symbols of the metals, 
indicate their atomicity, and the formula of a salt is made by 
putting the symbol of a metal in the place of the symbol, of an 
equivalent number of atoms of hydrogen iu an acid. When an 
acid contains more than one atom of hydrogen, several classes of 
salts may be formed, according as one or more atoms of hydro- 
gen are replaced by a metal. The normal or regular salts are 
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those which are formed by the replacement of all the atoms of 
, hydrogen by a metal. 

The descriptions of the tables refer to normal salts, but the 
following cases are exceptions, because the salts specified are 
more commonly met with in analysis ; and in using the tables, 
the formulas below must be substituted for those of the normal 
salts: — 

Arseniates. — MgNH4As04 ; MnNH4As04 ; (Hga)HAs04 ; 

HgHAs04. 
Phosphates.— (NH4)2HP04; BaHP04; CaHP04; MgNH4 

PO4; MnNH4P04; HgHP04; Na2HP04. 
The Arseniate of Aluminium probably contains more acid 

than the normal salt. 
The Chromates of Aluminium and of Iron (ferric chromate) 

contain a larger proportion of metal than the normal salts. 
Arsenites.^— The arsenites referred to in the table have only 

two atoms of hydrogen replaced by a metal, except Mga 

(AsOa)^ and AgaAsOa, which are normal salts. 
The Arsenites of Cobalt and Manganese contain less than 

two atoms of hydrogen, replaced by the metal. 
Borates. — (NH4)2B407 ; BaB204; CUB4O7; FeB407; (Fej,) 

BgOe; PbB407; CaB204; MnB407; NiB407; K^B^O*; 

Ag2B204; Na2B407; ZnB407. 
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EXPLANATION OF SIGNS IN TABLES IV AND V. 

Numbers. =number of parts of water required to dissolve one part of the 
anhydrous salt * at the ordinary temperature. 
oo.=:insolubility.t The sign of infinity indicates that an infinite 

quantity of water is required to dissolve the salt. 
s.=:soluble to a considerable extent in water. 
s.s.=slightly soluble. 
del.=deliquescent, or capable of dissolving by attracting moisture 

from the air. 
dec.=decomposed. Examples: dec. =decomposed by water. — dec. 
^decomposed by acids. 
— =acids. Example: — s.-=soluble in acids. 

+^sodic or or potassic hydrate. Example : + s.=soluble in sodic 
or potassic hydrate 
am.=ammonic hydrate, 
am. d.=ammonic chloride. 

al.=:alcohol. Example: al. oo.=:insoluble in alcohol. 
When no solvent, such as — , am., al., &c., is indicated, the signs : oo^ 
s., s.s„ and dec. refer to the action of water on the salt. 

* The salt without water of crystallization is referred to. 

f Most of the salts, markedinsoluble in the table, are not really more insoluble than salts 
like baric-sulphate, but they are described as insoluble, because they are known to be neatly 
so, and because the quantity of water required to dissolve them has not been determined. 



TABLE 1. 



Tests /or tnetoL 



CHLORHYDEIC ACID TEST. 
MetaU of Oroup V. , SecUon I. , in add solution : p. 98, IIL 



Iiead. PbOla, white, crystaUine ; soL in boiling water. The solu- 
(63) -v~ 

tion,+HsS04+alco^ol, gives PbS04, white, ptdvenUent 



Silver. AgCl, white, curdy; sol. in NH4HO. The solntion, 

(64) -— 

+ HNOs to acid reaction, gives AgCL 



Meronrous Salts. HgaOla, white, puloerulent ; insol. and tnms 

(66) -^ 

black with NH,HO. 



SOLUBLE I 
AsaSs ; pellou 
SnSa, yellc 



Metals in alkaline solution : p. 99, IV. 



PbCla ; PbS04 ; AgCl ; when the precipitate is wJiite. See (66) (a) 



(66) (a) 



-v 



AsaSa; SbaSa; SbaSft; SnS; SnSa; where the precipitate is eol- 
(66) (b) ored. See (66) (b) 



AFTER 0X7. 
AI 



Arsenic. Ni 

(81) n 

A 



Adds, usually in alkaline solution : p. 190, V. 



(60) Silicic Acid, SiOa, insol. in acids after drying. See p. 95. 



Carbonic Acid. COa. The gas gives GaCOs in a drop of lime 

(68) --- 

water. 



(69) Cyanhydrio Acid, HON. Smell of bitter almonds. 



Sulphydrio Acid, HaS. Smell of rotten eggs. The gas blackens 
(70) lead-paper. 



Sulphurous Acid, SOa. Smell of burning stilphur. The gas 
(71) turns blue a mixture of ferric chloride 

and potassic f erricyanide. 



Antimony. 

(82) 



Tin. SnOa, ii 

(83)-^— 1 



Gtold, Au, ins 

(84) -^^ Tl 



ed successively. 



SULPHYDRIC ACID TEST: p. 101, VL 
Metals of Groups V. and VL , in acid solution. 



G SULPHIDE : p. 102, VIL 

L Sb-jSi, orange; SnS, brown; 
iark brown. 



YITH SODIC CARBONATE 
?E: p. 104, (79) 



INSOLUBLE IN AMMONIC SULPHIDB : | 

p. 105, IX. 

HgS ; PbS ; BiaSs and CuS, Mack. 



in cold water. The solution, 
h acetic acid, + AgNOs, gives 
mlvendent. 



ioL in cold water ; sol. in hot 

olation,+Zinc and Platinum 
Tith each other, gives Sb, 
Q the platinum. -v 



Mercury. HgS, insoL in boiling HNO«. 

(86) --- 



Soluble in BoiLmo Nitkic Acid: 
p. 106, (86). 



PbS ; Bi.Sa and CuS. 



Lead. The solution in HNOs, after eyapora- 
(87) tionwith HaS04,+ water and alco- 
hol, gives PbSOi, white, putveruknt. 



r ; soL in hot HCl. The solu 
afives metallic flakes, Sn. The 

npitate, dissolyed in a little 
, gives HgaCla, white, pvlveru 



Bismuth. *The solution in HN0s,+NH4H0, 
(88) gives Bi(HO),, white, Jlocculent ; 

— %j — 
insoL in an excess of NH4HO. 



Copper. The solution in HN0,,+NH4H0, 
(89) gives a deep blue solution. 



and HCl ; sol. in aqua-regia. 
+ FeS04, gives Au, pu^piU, 



K 



\ 



TABLE n. 



Testa for meta 



AMMONIC SULPHIDB TEST ; p. 108, X 
Metals of Ghvups III. and IV. , in a solution, containing NH^ CI, and neu 



mSOLUBLE IN COLD, DILUTE CHLOR- 
HYDEIC ACID : p. 109, (92) 

CoS and NiS, Hack. 



Cobalt. The insoluble sulphides give a Uue 
(93) borax-bead, if much cobalt is 

present. If the cobalt color is 
obscured bj nickel, it appears 
after the reduction of the nickel 
on charcoaL 



SOLUBLE IN COLD, DILIT 

p. 110, 

FeS, black; MnS^ flesfi-eoUyred ; 

Cra(HO)B, d^rty green. 



TJie HCl solution, freed from H^S I 
{see 95), is boUed with NaHO 



Nickel. When little or no cobalt is present 
(94) the insoluble sulphides give a 

brown nickel-bead. 
When much cobalt is present, dis- 
solve the sulphides in boiling 
dilute H2S04,+a little HNO3. 
Precipitate with potassic ferri- 
cjanide, add NH4HO to dissolve 
the nickel precipitate, and add 
BaCla to render the filtration 
easy. The filtrate, +rNH4)aS, 
gives NiS, bloAik, 



iNSOIiUBLE m SODIC H 
Fea(HO)a; MnCHO)^; Cra(HO).. 



-u- 



Iron. Fea(HO)fl, dissolved in HCl 
(97) a f^^ color. 



Manganese. Mn(HO)s imparts a 

(98) 



Chromium. 

(99) 



Cr3(H0)a, after ox 
NaaCO, and KNO 
tion, gives a yek 
addition of acetic 



Soluble m Sodic Hy 
ZnvH0)2 and Al2(H0).. 



Zinc. The NaHO solution, 4-H,S, 

(100) 



Aluminium. 

(101) 



The NaHO solutioi 
then-HNH4HOt0 8 
white, floceulent. 



Seep. 112, XI for th^ above tests 1 

BACIC, Am) PHoa 



ed 9ucee89Voely. 



NH,HO, (90) 



TDRIC ACID 



Ala (HO) 6, white; 



I axyddzed by HNOz 
96). 



110, (96) 



ilphocyanate, gives 



> the soda-bead. 



platinmn-foil with 
iih water and filtra- 
) solution, on the 



10, (96) 



"ihUe, floccvlent. 



Mnd reaction, and 
^on, gives Ala(HO)«, 



TESTS FOR METALS OF GROUP H: p. 115, XEL 

Add ammonic hydrate + ammonic carbonate to a soduUon 
containing metals of Group II. mixed with ammonic 
chloride. BaOOs and OaCO. white. Magnesium com- 

— 1/ '—XT— 

pounds remain in solution. ^ 



Barium. The precipitate dissolved in dilute chlorhydrio 
(109) acid-i- CaSO*, gives BaS04, white, pulvendent 



Calcium. The solution (109), free from Ba and rendered 
(111) alkaline with NH4HO,H-(NH4)aCa04, gives 

CaC204, white, piUverulent. 



Magnesium. The solution, freed from Ba and Ga by 
(112) treatment with ammonic hydrate and car- 
bonate, +NaaHP04, gives MgNH4P04, 
white. *^ 



TESTS FOR METALS OF GROUP L : p. 117, XHT. 



Sodium. Yellow color of flame. 
(113) must be absent ) 



(The higher metals 



Potassium. Violet color of flame, seen through a blue 
(114) glass. (The higher metals must ^absent.) 



Ammonium. Solution, + NaHO, gives NHs, amnumia 
(116) «weK. 



-V 



C6 of Oxalic, Be- 
ta 



i 



f 



M.AM»MAEi av^ Explakatiok of Signs {seep. 131); numbere^d 
del. = deliquescefU; dec* = decomposed ; — ^ acids; + = aUalu 



Acetic Add, HC^HsOa. 



I Arsenic Acid, HaA804. 



! Araenious Acid, HsAsOs, 



Boxacic Acid, HaBOa 



Alamlnlum. 
Als. VI. 



Carbonic Acid, H2GO3, 



Ohlorhydric Acid, HCl. 



Chloric Acid, HCIO3. 



Chromic Acid, HjCrOi. 



Cyanhydric Acid, HCy. 



Ferrocyanhydric Acid, H4(FeCy8). . 



Ferricyanhydric Acid, HoCFeaCyia). 



Flnorhydric Acid, HF. 



Nitric Acid, HNO,, 



Oxalic Acid« HaCaOi. 



Phosphoric Acid, H3PO4. 



Snlphoric Acid, HaS04 



Snlphuroos Acid, H2SO3. 



Snlphydric Acid, H^S 



f/jBjrdtate, H(HO) 



8,4 



00. 

— & 



00. 
B. 



&S. 
— S. 



aL s. 



00. 
— & 



00. 



del. 
aL 1. 



ss. 

— B. 



00. 

— s. 



3. 

al. 00. 



00. 
— dec. 



Ammoniam. 
NH4. 1. 



Antimony. 
Sb. IllJUidy. 



del. 
aL s. 



00 
HCl.' s. 



00. iSesquicar- 
— 8. ibonate 1,7 



1,4 I 2,7 
al. & I aL &S. 



deL 



dec. 

a ; +8. 



dec. 
— s. 



al. s. 



S. I 8. 

al. s. . al. s. 



00. 



s. 
aL &S. 



0,5 
al. 2. 



del 



dec. 



25. 

aL 00. 



4. 
al. CD. 



1,3 

aL S.S. 



1. 

aL s.a 



aL s. 



8.', -V-B. 



el. ^ 



00. 

— 8. 



00. 



dec. 

— 8. 



00. 

— dec. 



00. 
00. ; +8. 



Bad am. 
Ba.- II. 



1,4 
aL 100. 



as. 



— 8. 



8.8. 
8. 



12000. 

— 8. 



3,1 



2,7 



00. 

— 8. 



8. 

aL 8. 



8.8. 

— a. 



8.8. 

— & 



12,5 

aL 88. 



2600 



20500. 

— 8. 



43000. 

— 00. 



8.& 

— dea 






'JSi. 



riSkAUity ; «. = imoluife ; t. = soluble ; »-». = siigMty 'o**^! 
1. ^ ammmic hydrate ; am. d. = amnionic chloride ; at. = (www. 



A. 


CldBd.. 
CIL IL 


■^rv-r 


<S'-li. 


^^'7i. 


Aa. lil. 


Fb""'!. 


F«. VI. 




S,6 
(0.21. 


8. 


del. 


14,8 
aL li 




- 


aLB. 


,. 


^. 


_- 


— a;'1im.B. 


— H.;ain. s. 




-B 


— i 


" 


4000. 




— s.-'^m.B. 


-."+1 




-B.l'^B. 


-; 




1^. 


-. 


as, 


—i^ 




— R. 


_? 




70600. 

— B. 


-S. 


-«. 


-. 




-B. 


°°^ 




1,4 

bl. 8. 


del 1 B. 

ul. g. 1 ul. B. 


a 


1,5 


2. 

bL b. 


doL 

aL s. 




del. 


del. 


del 




■■ 


- 




dec 

^ — B. 


-«. 


-\ 






— i 




8. 1 ^^ 


am. s. 


— oD.j +a. 


aL B. 


— B. 




n. ' 


deL ! 


05. 


-oo.7aml 




-"%. 


J"^ 


^ 


m. 1 


"J^aw.a: 


— a).°^.B. 




-co.'^dea 


■■ 




27000, 


■■ 


a.a. 


-\ 




-"b. 


B.B. 




S. 
aL 8. 


alB. 


del 
ul, 1. 


1. 
oLb. 




B, 


al. 8. 




aooooo. 


H. 


S.B. 


OD. 




4500 


a.s. 




-. 


-.. 


— fl.;am, B. 


-.. 




-;. 


^i 




380. 

Ol. OD. 


«. 


44. 


3,6 




G. 


- 




800. 


-. 


— den. 


— dee. 




&B. 

— dec. 


— dee. 




500. 




— dec. 


-\ 


-^''^. 


-dec. 


— dec 


- 


581 ) <n 




^^_£i 



r 



•i jtwi.K Y. ExpLANAnoir OF Siam {9$ep. 181); number s=:d 
del. = deliquescent ; dec = decomposed; — = acids; + ^ alkalie 



Acetic Acid, HGstHsOi, 



Lead. 
Pb. IL 



2. 

aL 8.B. 



Araenic Acid, HiAsOi. 






ArBenious Acid, HiAsOs 



Boiacic Acid, HaBOa 



Gaibonic Acid, HaCOs. 



Chlorhydric Acid, HCL 



Chloric Acid, HCIO, 



Chromic Acid, HjCrOi. 



Cyanhydric Add, HCy. 



Ferrocyanhydric Acid, H4(FeCy8) 



Ferricyanhydric Acid, HoCFcaCyia). 



Fluorhydric Acid, HF. 



Nitric Acid, HNO3. 



Oxalic Acid, H-jCjOi 



Phosphoric Acid, H3PO4 



Snlphuric Acid, HaSO^ 



00. 
— 8. 



00. 
— 8. 



50500. 

— B. 



135. 

— E.B. 



S. 

aL & 



70000. 

— 8. 



00. 

— a 



00. 
- 00. 



8.8. 
— 8.8. 



8.8. 
— 8. 



1,5 



8.8. 
— 8. 



00. 
— 8. 



MafnMsidm. 
Mg. II. 



2. 

aL s. 



00. 
— a. 



00. 
— & 



ManffBDese. 
Mn. II. 



5. 

aL B. 



00. 

— 8. 



00. 

— a 



8.S. * 
— 8. 



2500. 

— 8. 



1,8 
al. 7 



deL 



00. 

— 8. 



00. 
— B. 



1,5 
aL a. 



00. 
— a. 



8. 



00. 

— a 



1. 
al. 8. 



00. 

— 8. 



00. 



8. 

00. am. 00 



00. 

— 8. 



2000. 
— 8.;am.cLs 



del. 



3000. 

— 8. 



00. 
— 8. 



13000. 3. 

— Qo.;aL 00. al. oo. 



Snlphurous Acid, HaSOs . 



Sulphydric Acid, HaS, 



Bjrdmte, H(HO) 



00. 

— dec. 



00. 
— 00. 



10000. 



8.8. 

— dec. 



8.8. 

- dec. 



00. 
— a 



1,5 



8.a 
- dec. 



00. 
• dec. 



Mercury. 
Hg3. II. 



769. 



00. 
— a 



00. 

— & 



00. 

— B. 



00. 



00. 

— a 



00. 



00. 
OD. 



00. 



dea 
— a 



00. 
— a 



00. 
— a 



8. a 



00. 
— 00. 






fn. = ammonic hydrate ; am. d. = ammonic chloride; oL == alcohol. 





I- 


Nlokel. 
m. IL 


PotasBiam. 
K. I. 


Sliver. 
Ag. I. 


Sodium. 
Na. I. 


Tin. 
Sn. IL 


Tin. 
8n. IV. 


Zinc. 
Zn. II. 




9.6 


0,4 del. 
al 3. 


100. 


3,5 

aL 8. 


& 


8. 


4.' 
al. 8. 




00. 

— s.; am. b. 


del 
aL 8. 


00. 

— 8.; am. s. 


8,4 
aL 8. 


00. 
— 8. 


00. 
8. 


00. 
— B. 




00. 

— 8.; am. b. 


del 

al. 00. 


00. 

— 8.; am. 8. 


8. 


00. 
— 8. 


00. 
8. 


00. 
— 8. 


• 


00. 

— a. 


8. 


8.8. 

— 8.; am. s. 


Borax 12. 






00. 
— 8. 




00. 
— B. 


0,9 del. 
al. 8.& 


00. 

—8.; am. 8. 


6. 

al. 8.8. 


00. 
8. 




00. 
— 8. 


5. 


4. 


3. 

Al. 8/8. 


00. 

— oo.;am.s. 


2,6 

al. 8.8. 


8. 

aL 8. 


8. 

al. 8. 


0,3 

aL 1. 




del 


16,7 
al. 120. 


11. 


1, 


• 




deL , 




8. 


2. 

al. 00. 


00. 

— 8. 


8. 

al. 00. 


00. 
8. 


— 8. 


B. 


K 


00. 

— oo.;am.s 


del. 

al. 8.8. 


00. 

— oo.;am.8. 


8. 

aL 8.8. 


00. 




00. 

—8.; +8. 




00. 

— 00.; am. 8. 


4,5 
al. S.S. 


00. 

— 00.; am. 8. 


5. 






oo. 
— 00.; +8. 




00. 

— oo.;am.8. 


2,5 

al. 8.8. 


00.' 

-^00.; am A 


5,5 


00. 




00. 

—8.; +8. 




— 8. 


del 
al. 8.8. 


deL 


25. 


8. 


8. 


&8. 

— 8.; am. 8. 




2. 

al. 8. 


3,4 

aL 8.8. 


0,44 
al. 8. 


1,14 
al. 8.8. 


dec. 

-- 8. 


dec. 


1. 
al. 8. 




00. 

— 8.; am. s. 


3. 

al. as. 


8.8. 

—8.; airi. 8. 


30. 

al. 00. 


8.8. 
— 8. 


8. 

— 8.; am. 8. 


00. 

— a; Bin. s. 




00. 
8. 


8. 

al. 00. 


00. 

— 8.; am. 8. 


24. 

al. 00. 


00. 
— 8. 


00. 
8. 


00. 

—8.; am. s. 




3. 


9,6 

al. 8.8. 


200. 


al. 8.8. 


8. 


8. 


2. 

aL 00. 


X 


00. 

— dec. 


del. 
al. 8.8. 


8.8. 

— dec. 


9. 






8.8. 

— dea 


1 


00. 

— dec. 


del. 
aL 8. 


00. 
— 00. 


8. 

aL &S. 


00. 
— 00.; +8. 


00. 

— 00.; +8. 


00. 

— dec. 


• 

/ 


00. 

—&; am. & 


0,5 
al a 


Ag,O.3000. 
— s.; am. s. 


aL B. 









